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Monfeigneur the DAUPHIN. 



MONSEIGNEUR, 

AFTER I had formed a Defign 
of writing and publifhirag a 
Courfe of Ledures in Experi- 
mental Philofophy, which I had taught 
for many years j I could not have wi(h- 
cd a more favourable Opportunity, to 
ofe them to the Publick, than lince 
you have been pleafed to honour them 
with your Prefence and Regard. I fliall 
nov be excufed, in tlie Publication of 
this Work, from extolling the Ufefulnels . 
of it's Subjeft, or fhewing the Dignity 
[ a 2 ] of 



ofit:, Fpr d^efjb axe, ;GAffic^ntly proved, 
by jb(£w;»ing,.t;Iap.gubJ€:fl|,of your In- 
quiries, an4 .by iha-vjpg: tjic, /Approbation 
of tjiolie,fifi%|jpDunf^ls,,)i^|iiqh ponijua 
yqiir ; Studies.. , . . Such . a|^ g?[ample would 
foJly iftftru^ tf^,^ W5f« ijf, ^oot alrea- 
dy, univqfaliy^acjk^owj^ed, tha^ iAe 
Knowledge of natural i^<r^ is fuitable 
to all Conditions. We might alfb cqn- 
di^^de. fr9i^^JV. t!ut;.Li^.i^i|iitable to all 

(^mmfHirrPecjfejen^e.,^ 5^r Spiencqj, 
gpd had,\«5e nc^ kjg^jij^j^j th? Proofs ypv 
have givqpj ofy ^ Qe^ii^^^^cady arrive4 
^t a.Stete,of Matiirit,j^ ,^ 

For thcffe Tpn Yea?s.that I hav? 
cndcavouredtp form, and; Jiring to Per- 
feaion^ a School of Nftfural Philofophy, 

what 



t^Mt'Tia^' m'(«FMrii^lea^'^criiJpported 
toy Zeal in tfe ihborib6s'0hatrtaking, 
^as die Ho]>e t ilartere(i rriyfarwith, of 

" yffer thi^MfS 6f it'tb 'you/^''That Day 
K now com^, tfte Limit tif toy Hopte 
and Defiresi ' aftd 'your ov^b Commands 

I^ingage iai^W^ ' "^^"^ ^<> ^^ ' 

*^' Thb ¥u1)lick^wm'bfelnrormcd of itiy 
good Fortune^ ty tbis Dedicadoh, and 
without dbubt i^^ill peiiceii^ with Plea- 
iWiie,'^'di2fi m' making ufe of lAjr'weak 
Abilities, ydu honour with your favour- 
able Regards an Inftitution, to which it 
has already given it's Approbation. 
And everybody >si^F!J ekiWnced,' aS 
Well as my felf,^ "how" happy 'I 'ditt' to 
have fo favburable an Otchifiori of pro- 
[a 3] fefling 




w B£ D iQAri rr. 

publfek " Tcftimwiy ~^^=«iy - invJSaBle 
Attachment, and of the piofound Re- 
fpcit, ^i^ w^h 'l|ou^^ to>|e,^ t^d 
always Oiall be, 

■ /■•■■■■■•■■■--// 

Mqnseign.bur,. 



ToHrfn9fi>Humhiet 

pwfi Ohedierity and 

• ■ ' ■ * ■- '. ' r ' J 'I . ■ .... 

J. A. NOLLET. 
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^P R E F A C E. 



WH E N a Science comprehends only 
feme Queftions of fmall Con fide- 
rat ion, or tho* they may feem to 
be of fome Importance, yet if it 
'determines thofe Queftions only by probable 
Arguments, and is fupported only by fpeciom 
Hypothefcs j fuch a Science will engage the At-» 
tencion of but few. It feldom comes into much 
Credit, nor will it receive any Improvement 
from Time, unlefs the Objed of it be enlarged 
and re formed • For the Defu*e of Knowledge, 
which is innate in us, and which alone can 
excite our Application, will naturally lead us to 
the Lo?c of Tnfth, and will fix us therein, 
when we have any Intereft to fcrve by it* 

Th I s Reflcdion may eafily be confirmed by 
the Hiftory of Natural Philofophy, if we do 
but confider the fcveral Revolutions it has fuf- 
fcrcd from Time to Time. 
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made ft t Rule not t^ adolit anyth^^ a DiA 
covery, bat wliat fliould appear to be evidently 
trae. This new Method produced real Knowr# 
UAg^r and every where cxcidog Attention ami 
Curiofiiy, the Xovers of Science (prung up 
every wherPj i fiif both Sexes and of all Condi-* 
uons^ 1 

^q*,When the Taile for Phyficks became aJ^ 
CK)fl general, it was then expedient to have it's 
Principles digefled in fuch a manner, thai every 
body might reap the Benefit of them* We 
foon faw then Elementary Treatifes in feveral 
Languages, which in this refpe^ might fupply 
the Wants of the Pubiick. But the Science 
they treated of grew under their Hand^, and 
advanced more and roore towards Pcrfefiion. 
Difcoverics increafed. Errors were corrected, 
and Doubts were cleared up. The feme Mo- 
tives that caufed them to compol'e thefe Ele* 
inents, obliged them to renew them from Time 
to Time> in order to admit the Improvements, 
the CorreiUons> and the Illuftrations, which 
were of great UJe to fuch as were concerned in 
the Progrefs of this Science. Bcfides it was 
neceiTary that this Kind of WorJis fliould be 
adapted to the Genius and Capacity of the fe* 
vera! Readers for whom they were deligned. 
I know many excellent ones of this Sort^ 

which 



which havTC fucceedcd well in EhgUnd; in 
Holland, in Germany, and which, if they were 
tmnflated into licr Language, would hardly 
tueet with &» many Readers in Frince, becaule 
the Principlc3 are delivered ih too clofe and 
condfe a manner, and require too drift Atten- 
tion for thofe who would only amufe themfdrcfi 
u&fully i and becaufe they contain more Geo- 
metry than is generally known by moil People. 
,n:?^iB now about fire Years fince I published 
the Plan of my intended Courfe of Expert- 
mental Philofophy, in which I gave an Account 
of my Manner of forming this Undertaking, 
and of the Progrefs it had made fince it's Com- 
joacncenjcat I then offered this fmall Piece 
to the Poblick, as a Table of Contents (^), 
which I propofed to enlarge into a more con- 
fiderable Woik, and then lay it before the 
Publick, if it continued to favour my Endea- 
vours, and if J had Rcafon to hope my Leftures 
would be agreeable. This has already fue- 
led even beyond my Expedlation. When 
propofed this as a Condition, it was indeed a 
lotive to nae, and at the fame time a Limit 
that I fixed to my Zeal, for I only looked round 
about me» and did not extend my Views beyond 

U) thn^ 9r g^aeral Id«ft of » fSpurfc af PhyCdo, Rref* p* )$« 

the 



wcakcTileDli wniidc iie ^^nwrni htyoo&ibt 

caei!C^^ liKA » « fenefg»43M^ I coiild 
not pvtibaie tfati oqr Scfaoidili^^ otily I* 
apll^dcdi botalfikmsfeftPjEitt^fordieCbl^ 
hffi in ODr.difbHit.i\Miiioes(jp): forUnmr^ 
fitickt and ibr Andcttues chanTdytJ^. Lafiijr, 
I could not prdbme to k>pi, thit even oar 
Princes f^>) would bonoar my Courfes with 

\f] In 1739 t was oiIIIe^ to the Court of Taring where I con- 
iSmA tta feMobtfas; tb read LdKm'^'^atitnilFhilaroph^ 

crdocd jdl the Infiiaiiifiits.i had carried wg^ m^ mht Md up 
IB the Uhvrcriity^ that the Profeflbrs mi^, mi^ ofb of them 
afl ei t^itiJs, to fmprot^ iuiS t6^ch I%yfi<ja''b}r the Method of 
Ix|R3»eilC ■ // "'..iJ - ^^ ^>^''' 

(r) . Skcc^ Fqipliptioii of mjf Pte, (qref^UQ^Ifege^ m dat 
of the Oratory, of .Chriflian Do^nf, andof S(^ La«anK» harr 
undert^tctn td lil^oduce Expenmental Prbob into their publick 
VxaOfci. ■• ■■•-'- /'->? ••' ■ i il 

The pniverii^ of jRJb)pii9 doiEB thci fantiiitid i hnrt £eat 
them a Calle6tioB p( Ipftrunfuts,;jfhic^ p alrea^ vftrjcoiv- 
fiderable. '' ^ . 

' rnt t^fa^KM^4rhtiifiikv'^G{-M^t^ Lettres at 
Bo«rdraj2i(v ^awf aHo.fim(M.tatdy a^eltaoftttf Maclii^ 
and nilofophical Inftruments, t^ 5^^^^[ M^'l'^^ ^f ^ 
me the honour to commit to my C^. , ] , . 

CdurCrsoffl^ck^ BtwhiihvUf Se(«bc^Bii;dne(s ctteaded t^hlk 

great AppUc^ion;. and fgo|vafterIha(B|,theH9iiot|s lo exkibic 
one at Ver&iUei, for his Se^ne Highneis the IMec of Ghartiet^ 
atthedofaigofhbStlicft^^'^'" 0:-«fffiJI'..' : . - 

their 




I 



their Pmfence imd Attendance; and fbftt^ihey 
would join iheirt Approbation ta that of the 
Puhtick :i JNbc/thai' the Specimen they h^d 
of my Way of leaching^ would pc^ure me the 
Honour of performing in the Prefence, and for 
the life, of Monfeigncar the Dauphin. This 
latter Advantage indeed was a Spur to my Zeal, 
bat was what I>it}ay be faid rather to have 
wi(hed for than to have had the Courage to ex*- 
pedl* i1 

These glorious Events (which I here mention 
not out of Vanity iho' a fuffident occafion for 
it) are a kind of Pledge of the Succefs of my 
Undertaking, and of the Approbation it may 
cxpcd to meet \vkh^ It was on this Condition 
that I promifcd to publiJh this Work, of which 
Promife I now acquit my fcif I fhall make no 
Excufc for having delayed the Publication for 
five Years. If I have any Reproach to fear, 
*tjs for putting it m th^ Prcft fo foon. For if 
it is fudr, as 1 could wi(h it to be, thofe for 
whom it is defigned will not take it amifs, that 
I have taken all the Time that was neceflkry ta 
render it worthy of them. 

The Title of the Work iuffkiently declares * 
what it is. They are my Le^res, fuch as I 
have ufed to read for thefe ^iiine Teats* to 
Companies afleroblcd togetlicr to hear them in 

common. 
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commoii* 1 always itippofe that the greateft 
Fart of them are not prepared to under (land 
EirpreffioDi io6iAtgebra or Geometry » and ab- 
ftrad Djfcoarfes ^t^h recede too £u: A^om the 
&il Principles^ I coniider alfo, that the Ufe 
which might be expeaed/ would be loft to 
ibofe who are but beginnings or who intend to 
allow to this Study only Tome Moments of R<^- 
creation, and which iliall not intrench upon 
their more neccfiary Occupations, whether in 
regard to their Boiineis or Pletfure, Where- 
fore being more taken up with the Care of 
being well ondecilood, than with the Obje^lion 
that might be made to me of forfakiag the 
Language of the Sciences, which is (b much 
affeded by many ; I endeavour to fpeak and 
write».a% many good Authors have done before 
ine^ whoff^ Works are accommodated to general 
Ule. 

,*Tn not that I have any Diflikc to thefe 
Forms of Eyprefiion, or to the ufual Terms of 
Art, which arc certainly more preeife, and 
morp i Qontradted, and which put it in our 
Power to porfue further a great many of thefe 
Speculations, which are the Subjed of my 
Ledurcs j for I m^ Vi^ of them myfelf to 
good Advantage, when I affiil in a private way, 
fiich Perfons as are deilrou^ to make Phyficks 
// a more 
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iaiore ferious Siudy» tnd who are prepared fbr 
H.by a good ProBcknce in Mathematicks. But 
hiving Regard to the gtcatcft Part of my 
ReaderSi I have not ihoogfat proper to intro- 
duce into my Woik, {udin Calculations and 
Dedu&ions ivhich may b^ difpenfed with, and 
which would require more Pams and Applica^ 
tion tbaa cw be expe^lled frocB them, I have 
rather chofe to.rcferve them for feparate Vo- 
lumes, which 1 may give hereafter by way of 
Siippltment, and under the Tide of Anoo^ 
tations* '^.- ii» vn. ij .^.i ^j 

,v^m»o' I have avcuded the IJ& of any Alge^ 
bHAidk ExpretTion, or any Geometrical Symbol, 
for the iake of Readers to whom this Language 
may iK>t be very ^uniliar i yet I have not 
carried this Rcftraint fo far as to forbear the 
Ul'e of fuch Terms as Cuilom has appropriated 
to thefe Matters* I have adopted the ufual 
way of Expreflion, that the reading of my 
Wock may fervc as an Introduftion to other 
Books of Phyficks. But I have took Care to 
diflinguifli thefe Words by the Italian Charac- 
ter, when firft they are made Ufc of, and to 
define and cjcpJain them in the clearcfl Manner 
poifible. And not to intermpt the Difcourfc 
by too ^-equcnt Definitions, which would be 
lUfekik to many Peiibfia, I have placed a little 

Vocabulary 





XVI PREFACE. 

Vocabulary before this lirA Voloaie^ and t Pkte 
in whidi Be^nners mty find an Eirplanation of 
fiicb Terms as will occur frcqucncly jn the Body 
of the Work, and which I fiiall fiippoTe to bt 
known by nwd of my Readeri. 

I do not lift mylelf here under the Standard 
of any of the celebrated Phllo6if»her$. 'Tis not 
the Phyficks of Da CarUs^ nor of NewUn^ nor 
of LeihfZ, that I propofe particularly to fol- 
low ; bat without any perfonal Preference, and 
without Diftinftion of Names* 'tis that whichi 
by the general Vogue» and by well attefted 
Fafls, fliall appear to me to be beft eftablifl«fcd« 
I have all die Refpc^fl and all the Acknowledg- 
ment poffible for thofc great Men, who have 
imparted their Thoughts to us, and have en- 
riched us with their Diicovcries, in whatever 
Time and whatever Nation they have lived. 
I admire their Ingenuity, which is confpicuous 
even in their Errors, and think it my Duty to 
pay them the Honours doe to them. But I 
take nothing upon their bare Word, except 
what 1 find to be confirmed by Experience. In 
Matters of Natural Philofopby, we muft not pay 
an ablblute Submiifion to the greatefl Autho- 
rity $ Qiuch lefs ought we to be Slaves to our 
own Prejudices, but to embrace the Truth 
wherever we find it, and not affcfi to be 

Newiomam 
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n nt' Paris, cr dfrfr^^ans at £m- 



It 
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To ctsnfinc iflffllptt} 



ducc 



h have been 
ciidnilm of ihe 



jMHyuicu ccpDGcrtiiri 

both antient and ^fModct : . 
out much Haffrt one mi^ht l>e iHtlrely ignomnt 
of alt ih ition, which for 

the mofl part iire not much to the Honour of 
the human Mind^ and of which the vcfy bcft 
is nothing islftr^lbt may-bet yc£ 

we can hardhr MHlripcnica wiin irom knowing 
tbofe which have gained the greateft Reputa- 
tion ; and 1 should wiUingly mention what 
Des Carta and Newtoft have delivered on this 
Subjcft, were I not prevented by an Auihot 
whofe Work (f) is in every one*s Hands, and 
who fafli treated on ^this Matter with the fame 
Delicacy^ ar is lb be found In all his other 
Writings. 

I HAVE ftodiouflj^ fhunned all metaphyfical 
Difqutfitioaey that might fecm to arife from 
my Sabjdi^*«llit I might not recede from fen- 
fiblc Phylicfcs, and Ibch as arc to be fupporicd 
by Fafts. They that would (apply this lecm- 

l#) Tbc Hiflory of the Heavens, B. II. 
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ing^Defed, which I have £illeo into by De%o» 
may receive much Satisfaiftion: by reading the 
Works of Father MaUbranch. and porttciilar- 
ly that which be calls A Seartb ufUr Trutb^ 

In penning my Ledures I have objferved the. 
fame Method^ that I have beea ufed Co foUowy 
when I delivered them viva voce. In oach 
Matter I have chofe what I thought moft io« 
terefting^ what is the neweA» aful which might 
be beft proved by Experimeots. I explain the 
State of the Queflion with all the Exadbiefs and 
Clearncifi I am able ; I fearch into it'$ Orn 
ginal, and take Notice of foch Authors, wha 
feem to have handled it with mofi: Sucoe& 
Then I prove it by Operations <)f which I Hkfflt 
the Mechanifm, tajking Care fio feparateit from 
whatever is foreign to the PurpQfei^ that the 
Attention may not be diverted. Laftly^ I bung 
together whatever has Relation to the C^fftioa 
itfelf^ or to the Fafts which I bring as Prool» ^ 
and that eUher in the Fhaenomena of Nature^ 
or in the Proccffes of the Arts, or in tfeo Mac 
chines that are moft in nfe for the Convenkncies 
of Civil Life. Thos I have always proceeded 
from the firft opening of my Courfesj andLafiec 
having carefully fludied the Tafte of the Pepple 
in this refped, I have met with nothing ta 
prevail with me to change thjs Order, but am 
rather perfuaded, that it has had all the Suocefs 

I could 
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'tax 

1 coold propofe 10 tnyreU;. I ha?e alw^ifs been 
convinced, th« Principles which are oftea ab- 
ilraded enough, and which cannGi be learned 
fucceffivcly v" ' a painfal Application, noay 
yet be eafily iiuiuuated bta ihe Mind^ when 
ibey are thus interrapted by engaging Expefi- 
ments, which at the lame time oblige us to ^ 
gcluiQwledge their Ufeiulnels and Truth* 

•^Ih the Diftribuiion of the Matter, which 
ought to be confide red as the principal Part of 
this Work, I have endeavoured to aAk&, under 
the iame Title, fuch things as have a neceflary 
Ccmnexiofi with one another j and I have taken 
Care to place thofe Propofitions firft which are 
more calDy undcrflood, and which are to ferve 
as Principles for the ondcdlandirig thofe that 
follow. Thus in Striftnefs, tho* one may take 
every Leiflure fcparately, arxi tho' they have 
generally a kind of Independence on one an- 
other 1 yet I fhould always advife the Reader, 
if he would penife them with more Eafc and 
Advantage^ to take them in the Order they 
(land here, becaufe he will find fuch Notions In . 
the former, which will alTift him to undcrlland 
the latter. 

The Fa£ls I make ufc of to prove my Pro- 
pofitions, are not always fo manyi or fo new as- 
they might have bpen. Thofe that have fecn 
my Apparatua of Inftruments, and have been 
[b a] prefcnt. 




prd^nttt myfi^outfe^i will W(>i|^e.'Pf rhap^ that 
ia the Plates l*teIigiI^^t0 ^h^r^Ww*^ thfsy only 
find a Part of what they have feen in my CoUec- 
tiaa: It is 6c J (JiohW %mj9l I^?^^ ^1*7 I 
/bppreft wbM piQcb^p^ they 9¥g^ 4?^f ? to ftie^ if 
i propckfe tbe^ Yoliames: ^^a fomp^t CoUe^^ion 
^ tii7;'Def»Off^(bfation9«'ri; ,v.r.-:(:]r 
' Eitz fioce I undertook: M^K€i»tih:>Expef:iin4^ttl 
Phiidfbf^ 1 ba^e beeir <i30vily:ed^ thai the 
£irefl Method of ^gaiDuog Atdpntiooi and of 
readily emitJn^ ihe odeQf&py-Idead^ ^eas ao- 

cording 16 tb6:9^^^^^^^^^ ^^^^^^^ ^^^ i^)» 
to fpeakiCD tberEyes by fenrtble Reprefenta- 
tions. '- In Com[4iance with this Troth, I pro- 
Tided ittyl^lfwkh certain Machines I had con^ 
trived, to make my Thonghts be underftood by 
thofe who have but a fliglbt Acquaintance with 
the Sdences^ and to make tbem comprehend 
eafily and very foon koBt Notions, without 
which they wouU not readily enter into the 
State of the Queftion, or:;g^>|>rehend the Proofe 
which eftaUiih' the Theory. But as thefe Me- 
tiiods are of >no Signifieancy but in the AppU- 
cation, and thef ieee^^th^; ^empofe them ex- 
prefe nothing bit. when; they are in ufe, it 
wouW be needlefe to p^/t a Defcription of 

\a) Segpius irritant anim6s aemidk per aiires» 
Qgam (j^u^runt ocaU$ (bbjeaa fidelibot. 
Hoi. (ii .4h. Poet. 

- : ^ - : them 
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'them. It would ht only to '^mulriply Plates 
Without Ne«ffifty,^%hich already arc but too 
iwmcfOuSi ^> '^^^^ ^^^ri y:>di isrfw lo nuH £ bnii 
^ 'Ai<<nriTElt^ Reafeh Why »f ' have not rcpre- 
^ntcd in rtiis \^€frfc all that may be feen in iny 
School, 19 this. 1 was unwilling to introduce 
more Experiments, than what were futficient 
^ftlly lo prove the Do^Srine they contain, I have 
already faid elfcwhere(tf), I never intended to 
^ffiake my Le€HiTcs a Shew for pure Amufi>- 
menti where one luight fee exhibited^ withoac 
Defign and without Choice, a grcst Number of 
Eicperimen^ fit only toengfige the Eyes, i-l 
thitik myfclf mdre able than any one in France, 
to fetisfy the Cttrious by the Choice and Variety 
iof Machines with which I am provided, but I 
Oiould not be much plcafed if any one came 
to me only toffee them in Operation \ for I al- 
ways hope td find a more reafonable Curiofity in 
«iy Audience^ ^IThereforc of all the Fads that 
i am able to p^xlote to prove a Propofition, I 
make ufe only of a certain Number wluch is 
fufficientj and by this Management I gaia 
Time for more neceflary things ^^^ I have an 
Opportunity of varying my Froois ufcfully and 
*^gf«iably» fot thcle that attend my Courfes fc- 
vcral Times. I have had the fame View in 
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vritinr 1 die nn: dcf-pr tr t ^v crw li elm tfic 
JLrar/^r vith s lunr^pnii? Number of Opora- 
tirsi-s. io af Tc xz^akt hirr. i.Mt Siph: of tbc Doc- 
rim rr b: sftkbiiii^ :i ; bn: ir Tr.">a'jcinE Fa& 
ti.^: j'f vnrcrr a?" h:? Arrfnti.-m. I hfve fet be- 
f : -£ hiit luch ^-.^:^^^ a? msr rnniirn- the Knour- 

vT,f ir.r' r.t thf i?rft nner.inc of irr School to 
V.\i F;.: lick o- ir r-.^nnrnp rr wnrr-n Lec- 

hr'T Ti?: f^ mncr rCv.:-*r n: F.vnc-jments, as 

Ir ::^f rV'-r-irti.-jr 2 hrr: p-M-r nf mr In- 
:'—:i:rr :-•. "irfir- :hr 7 :vr rs^F-rrtfr'athn^ I 
T:.- r:^: i:::r:^rr.t.f :: ri:^fr '^r :hrrr. iV.^cicndy 
- • r.:-'' -'^: :: rr. rr.rr ::^:: w".\ •V::f:!.-)n ; for 
•/: \: " *: ■. rr'T -rr: r. . . '■. •*: ^' rr: :? of Pro- 
r: . . •'^ r-' t^j c"^-\">\to:M. r'r:^ :,! Prccao- 
t-rr- t: r*: r^icrr. :.n: v; -^ . /rrr r..-:iriil2rs fi)- 
• rip* Tr TTT zr.zjT I>rf:r- ^^ n?rr mr*il have 
rrr.:'rc-.::v-r t:r..:irrrr :Sr P::!k r- r-r Work, to 
z: t 1 . .r .r* z T"?. ■ Tn..-v Rr/.>;n. vh."^ are fe- 
t'-'Tc: :r rr :xr :r rrrr-.V r: .." !;:r^ £ Machine 
^^■'. T-: : . :-': r.'rr r.* Frrr Vr: r? 1 zm fcn- 
fr:i rr-^ iiitf.." : >■ -i.- hiM-r prk^x^: "r^ftrufyons 
...*»w — ^ ... K.. .% « . ...'.•.•.i..»«i. i i*Ttni 

:-r r:.:r" . rr •.^"■: "^ v ir- .x* IXf rr :S thofe 

—•■'•-— - -T' T- -•■ -••-» »- ■ r-'V ♦ • " ' •» ^ "^"^ ■-•* •*">• X. (im* 
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ber of which iacreafes every Day^ I haw tc- 
Mmd to colle£l into a fepanatc Work, wbsit- 
ever a long Experience has inform 'd me of thcfc 
Matters. Tbis Defign is aQtially in Execution^ 
and fomc Specimens of it ouy be fcen in .the 
Memoirs of the Academy of Sciences for the 
Years 1740 and 1741, where I have only 
omitted what chiefly concerns the Wof kman. 

As to my Clioice of Experiments, I have 
fometin^es preferred ihofe which have been long 
known, before others that are more recent ; 
either becaufc I found in them a more diredt 
relation to the Propofitions I had to prove, or 
becaufe they gave an Opportunity for Applica- 
tions of more Importance, or laflly becaufe 
they feem*d to me too neat to be omitted* 
Their Date then fcem*d to me a Circum fiance 
of no Weight, for as this Work is not com- 
pofcd for profeft Artifts, thofe that fee them 
here will ftill ftnd all the Recommendations of 
Novelty ; and beiides, things may have other 
Merit as well as that of being new. 

Perhaps I may be cenfurcd for admitting into 
my Applications fomc Remarks of fmall Ufe, 
either becaufc the Subjed; does, not defcrve the 
Pains, or becaufe they are obvious enough of 
thcmfelvcs. But it ought to be confidered, 
that this Work is not made /of: fuch Pcrfons 
only as have Uyed a good while in the World^ 
[b 4] a^d 
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^ to whoiDja^^y^^^^ Qfim»)^ifQ(ne Idem; 

km by timcHfrf|)<^livhkb7$fa/Q^ 
fMAfvCaufeai olgt th^^r3Com9>^dBfFcds:: But I 
£faicAy>iif^n4 lit fbc'i'}tottD^<iRcrfons of both 
jSexes;^ 'ttho padfa tji^fitjftYparsiofuclieif Lives in 
fu>Uogs9 OQL JElftal^djggHfekopls^iiti)' vih!^ every 
thing isf^nedir '^jsi Natuir,* tikfiofA' Minds are nar 
faraliylnq^ifitifrei^tBT^tfais kmd^^iCnowledge^ 
aodvhoioujgbtto bdioiciatcd in clear and di^ 
iliod; IdcaSi. and to^ judkioiu lodudions, by 
cafy4UKl.ii9aa3iar jSzacnpies. 'ifbr it is the Ob^ 
frrvatiaD>o£akar]aed Mejiv <^rvcdly in much 
EAoem (a),.. That.itis always requifite to 
think juftiy, -ipvtn in Matter* ^of but finall 
■JxnpQrtance* ;.;;j4->:ji )■.. • :•/- :\..- .^ 

.BfisiAfi^yCatd mud. be taicen not to con^ 
found the EfFedk'. with it's Caufe.. That may 
be iLuown byi tthe mofb iUitcnrate Peaiant, but 
ithe other . not by dhiB wifcft Phikxlbpher. Who 
i^^ti(4 kMly^.thatha^SpuDge.lia fofc Stone, a 
Lump of Sug9r>. wiSl/be quiiiieMWtet before it is 
wMly^ piuagpd into Water? 1 But » does every 
one know why this comes to pafs ? Befides, 
lh^j)^Q(]i,i((^«mQl^d[ Phaenomitiia ido inot always 
appeatoi|i>.btf;fqiiiwhen iconfidei'd in all their 
r^c<WJ|#n£Qf|r:qdKit08iyi dnodu^oss that a Stone 

\a] ttrlJe Fbiitcncfe, Hiflory oFtii Royal Academy of Sci- 

lijKin ' fall§ 
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sfifi Confequencc of it'^ Weighty but every 
one does not know» that in falling it defcrib^ 
Spaces which anfwer toi >tbe Squares of tfa* 
Thnes from the Beginning of it's FalL After 
having proved this lift Effet^, if I (houldmake 
an Applicsuion of it^ and fayi that a Bottle or 
Giais might break by fallings I (hould certainly 
inrtraft nobody. If I ihould % bcfidcs^ that 
the higher their Fall is, the greater Rifque they 
would ran of being broken, this Truth wonld 
appear no newer than the former. Bat if 
1 ihould add, that by falling a heavy Body is 
broken in Confequence of it's accelerated Ve- 
locity, and that one might forefee the Effort it 
is able to make at the End of it's Fall, by 
meaiiiring the Height of the Place from whence 
it fall^ I 1 cannot think this Obfervation would 
be ufelefe to all thofc to whom I propofe it. 
And if afi^r reading it any one fhould complain^ 
^I only inform Iiim that a Glafs may be 
broke by a Fall, or that the higher it falls, the 
itnotc furely kvwxll be broken $ he would either 
^w but litdb PcnetfatioD, or much Perverfc- 
nefiw.:' ' . ^ -J ^;'V' 

iv THAi^r.3 h/ the grxJil^Taftc which prevails 
ija this Agc^ I can caliiv bedifpcnfcd with from 
ibewing^ thatNatural Pbibfophy is ufeful, and 
that there is Nobody but. i^hat may have feme 
Advantage from thq In;iprovemcnts that are 
^ made 
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m^ c9dT I3taijr« 

it'ooms IS 4ifriMt 

ilfmdakDS brthtVokxaf 

befacafllbvapcrjAgc, andiajfl 

Stodf of Nttire WB TCt, K oac macw finr, 

m'sCndfe; tteKcwvisd^ifait 

of k*sFhmomc9aawit2idrCkaiBs kflni^de- 

IJEdCO IDC NtfllDC of ScKflTf y wfacB OOC Ot cfac 

grcatcfi Mcnof Aot3qi]kT(4) tfaiBcndhtriq), 
» the ^mcft Solicc of cfac Mind of Man» as 
OD Employmait from wiicDoe k nng^ dcme 
AdraDligt st ail Timcs^ and in «B Qrcom- 
fiances of life \^'ilh faow znocfa moce Rea- 
ka Buy it oov be recommaxied as ibcfa, when 
k eag&gcs whole Socicdcsof karoodMea in all 
civilized Couotries» that Pcioccs bonoar u with 
their Prcudion, and iiipport it b^ their Libe- 
rAiiy ? I fay at this Time, when it's Advance- 
ment is prccbioiM every Year by whole Vo- 
lumes, from which etery one may derive, either 
according to hi:^ Inclinations or OccaGoDS, iiich 
Infbudions as wiU at kail improve and adorn 
his Mind* 

fa) Uxr, ftudla ziolckcnuzm alunt, fenefliitem oblc^nt | 
fecifidM T€% Kfttam, tdrctfis prrfxigbm ac folatioxn pncbeot ; de- 
kftmt dwni, Hon hnpcdfint (an ; petnoaaat nobircon^ pete- 
tiirutur, njlUcantnf. Cicei^ fro JrcJkui Pa$td. JNa i6. 
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BBlr^indMiever Coodttiofi a Man is placed ia 
the World, it fcldom happens but he mart fomc- 
tiBiiwKflbftEDii the Force of Bodies moving 
by their own Weight, orotherwife-, upon that 
of Animals, upon the Imjiulfe and Motion of 
Fluids, upon the Ailion and EffcdS of a great 
Number of Machines, either old or new, on 
drc Choice of which one has often occafion to 
know how to determine properly. Is it poffiWc 
to obfcrvc the wonderful Effofts of Telefcopcs, 
Optick-glaffes, md Microfcopcs, the ufe of 
which ia now become fo common, without 
'Wanting to know the Mechanifm and Proper- 
tics cm which the Conftru<aion of thefe Inftru- 
mcnts depends ? To whom can it be of no ufc 
to be informed of what is new in a Science, 
which adminifters to our moft rational Amufe- 
mcnts, our Conveniencics, or Neceffities ? Can 
ic be a- Matter of IndiiFcrence to us, whether 
we know or not fuch things, as can employ us 
at Icaft agreeably, at fuch Times and in fuch 
Places as we cannot enjoy the Pieafures of So- 
ciety f ^ 

PBuT the bighcft Advantage, and that which 
every generous Mind cannot but be fenfible of 
in ftudying Nature, is the Neceflity it lays us 
M under of acknowledging every where the fu- 
preme Being, who has form'd. this immenfe 
H Ufuverle^ and who continually fupcrin tends by 
[ hii 

m 
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3Kr dk* kk on Wod& The 
tedic* vc srosad is: ikK Scofir, the mare we 
fhJ ic c»T3ft:ac, ihas i^ObJedof k is not 
tiK r«ws»±kv cc i^^agifT,, Ever ttdi^ in k 
^bdUrc$^ jffi TifhiBr Pc«ner viodi aoBBCS, a pio* 
Jbttftd Wijiica wUk^ k sifacoklupg, De%Q 

le>ii;QBKSic Tbdc WonSars vttdi we fane be- 
iS)re c«£r Ews. 2p»Lk ro che Hent s wdk as to 
die Uoient&di^^ : In kdrodiag dm ooe, k 
wia:u»nd:r toQch tbtodxr. Whatwekam 
^ ibetn^ JL5 :: nukes os lei& %iiocaitt dim the 
VuSrir. K> it ctirs os more lircl? Sentnnents 
of cvir Ducv, £Dd makes c» nxre dfl^gent to 
pertorm it. 

Ax flluilrk^i? P relit? ;\:\ :a gnring an Ac- 
count of the Educition c^^a great Prince, which 
had hecn entniued to him, furmihes me with 
an Example^ and altb an autbentick Proof, of 
the good Eittcts which may be hoped irom 
Natural Philoiophy, when the Principles of this 
Science arc tiught with Choice and Defign, and 
the Pvrrl>n inftrucled in it is capable of Reflect 
tton, I I'ball conclude my Preface with aTian- 
ilation or his own Words, as thcv are found in 
that ^^'ork of his, whkh bears the Tide o£ 

(«} Mr Boflttet, Biihop of Meaux. in hn Latin Letter to Pope 
Innoceot XL coMttnint the Edacaooo of dw late Dbuiphin, 
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Poliiicis extra^ed from the Holy Scriptures, 
p. 41 (a). 

As to Ejcperiments of natural things^ fays 
be, we have took Care that the mofl ufeful 
and the moft elegant (hould be perform'd be- 
fore the Prince ; in which he has not found lets 
Profit than Entertainment. They have made 
him acquainted with the Induftry of the human 
Mind, and the nobleft Inventions of the Arts j 
whether to difcover the Secrets of Nature, or 
to adorn her, or to give her Afliftance. But 
rwbat was the moft conGderaWe, He has there 
been acquainted with the Art of Nature herfelf, 
or more truly with the Providence of God, 
which is at the fame Time fo manifcft, and yet 
fo concealed. 

[a) Experiments rero rerum nataralium dc exhiberi fcckiiU9» 
ct b bis Princeps ludo fuaviflimo atque uciHiruno, Immans mencis 
)ii£lonain,pr3edaraqi]e aniam invcuta^ quibus tnturam & retegerent 
& onuirent, intcrdum adjuvarent : ipf&m den i que natarx artem, 
immo famini Opiiicis U pocentifOmam & cccdtiiiljnajn providcz^ 
Citm mlrarctur* SossvtT, /»c* r//tfr 
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Exper. III. Tojbew that the JiKgUs ef Jaditnee ani 

Motion in tbePtrcujffion ofBodiis, 

are not ElaflkL ^i-A ii^jtii; 

£k«»poGliOft I. m^n M Boiy at Reft ft ftrud if 
\ fimtbtr Body^ thiVtkcUj of tic Jhiki^ Bsd)i ii^di- 
vided iaweea (be twoy according to tht Ratio of tbci0 
Majfes. .\4\v*.^.i 

Exper. L Im whkb cqnal Majfes an tifcd^- | ^^rrir^r 

£zper* If. In which ihi Bodyftruck bos tmki m muck 

^ 24afi ai the finking Body. 

Expcr. I|2. d&i vobiib tbi Jiriking ^dy^b^s twin as 
much Mafi as tbe Bociy ftruck^ ,^ ^^ ^^^ 

Propofition II- Wien two Bodies ftrth one another^ 
ubiib move the fame way with unequal yelcalies^ 
wbtiher their Maffcs k equal or nat^ tbcy wili coftti* 
^mue to move together in their firji DircOicn^ with a 
iommcu " not fo ^reai as that of ttfe Jiriking 

Body^ but grtaur than that of tbe Body ftruck before 

fiipar, J, fi^ab eqttoif Ma£ei, tjk Vekcities king m 

the Ralio of i To 2, 
Exper II. IFitb Maffes that an dot^k o^e to tbe 

other ^ and with VjckcUifo which are reci^ocally as 

theMa£es. 

{c ij Efpcr. 
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Expcr. III. In wbieb^ one of the tvsf^ BpdUs has hie 

P/opofitfon \U.J^4bctmfiri^^, Bfiief.fmpe ^ 

fi d^r^dy arnt jeafi in im^^, /ifijpi- If ^^ r<- 
,. /^ains Mffqr fbf Sbfck^ the tvi^U^M itnll mate tie 

Jametcfl^ y and/he Si^awtth/ of their Motion wiltle 

tfual to (be ETceefiof^e above the other before the 

Shock. 
fia^r.i. fr(ihtv:o Bodies who/e^}^^ Fihci- 

ties are equal. 

taqjcr. IL fVitb two Bodies whofe Quantities of Jiio^ 
tion are in the Ratio of i to 2. 

CoroUatks or Confequ^nces fr/^ih^'^eciieM^ jPr|- 

pofitions. 

Article 11. Of tie Shock of Etaflic Bodies. 

Propofition I. When an Elafiic Body firikes another 

' Ei^fiic B(Mj ihat>isat Refts ^ vkch innovhig the 

^ fame way ; this after ihe Si)ock will move in the Di^ 

reBion of the Body which firuck it^ with a Velocity 

compounded of that which was immediately given it^ 

or by CommunicatioHy and of that which it acquires by 

it^s ReaSlion after the Shock > and tbeftriking Bo^^ 

of vjbich the Etafticity aSs the contrary ft^y, lofis 

in the whole or in part what it bad kept of it^s primi^ 

tive Velocity. And if ifs refleBed Motion exceeds the 

. . Rjtmainder of ifs prifHitive Velocity ^ it goes back' 

wrds according to the ^qntify of this Sncefs. 

** •' Expcr. 



isftruck having as much Map azain as the 6H<^. 

f^rp^eV n,jh^l iyf(B^^i^^^ '^^W* ^^ 
' ,' pfmii^l 'f^Mp; ftrlki " ohfaiiiilitr with proper 

i^eldcth'eK whfci )^ltiihi^ equal or unequal \ after 

tie' Slocif ihrf wt^'/epafate, and Weir 'relative ^elo- 

(ip xfiB he jbebme as before the Shock.. 
^^TX'mii%o^%iisof\&]iimem^ 

equal Velocities. 

of ivbicb ar^ unfouaL ., ' 

C6To\iiLtit$hVhfeqM}tsfrim-W^^ 

tions. 
ifTJie End vof.ilif Ti)#*^ of Gont^kts^ in« this 
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:)U Ci^ JO TC eO^ To .. ,1 fo Aorhns: J(ai 377 u^ity 
\i»iOininoD ai oq il::i ^^iQP^poo rf^iriw jr^lT ^•:)?lp. 
ii!^j'iv/ :A ?.f:;iJv') ii "to '1)3 li;*;^^) lo ,\wutU^:'/;. >. u ";.:;.: 

'i 3J^ ~CrA\Ii a A .jifi'jtA on? tr.ii luuc .v..v,n 
some T«^!J^^i;?f»jrO?9^c;g^^^ 

.141 yf^^^^^ ^ ^^^ Opening Q]f two Lines which 
.j^E meet one another in a Pointy as A C» B, C, 
.. . . J^i^. I. The Point of Concourfe C Is caJl'd 
%^c Vjcrtcx of tlje Angle, or the Angular Point. 
J^t.^f^kQy diftinguifh three Sprri^of Angles i that 
i^xl^tJcuti^ngle^ the Right Jn^h^^znd thcObiufc 
.jibgjle^ .The Acute Angle is that which by it's open* 
ing includes lefe than the Quarter of a Circle, which 
may^^ defer ibed ypon a Center,, being ihe Vertex 

fa, that #^f^/,hjH jfs pI>^grffifflK5^?P^>^ 

more than a Quarter of the ^dc ; as A. C£. 

Angular^ 



A Y<X^iiMary?v^. 



snoni 



l|[»/tfr, which has one or fcveral Angles. ThU 
Tennis ibmctn uei^pfed to fi gnifyi that a Body i| 
cutXcycral w ays. ^_ ^- _^ _ 



the Circumference of'a Circle. 
As the whole Circumference is divided into 360 equal 
Farts. Arches are diftinguilhM by the Number of 
th^e Ef-ts pip Deglces v(hipii th^Jt coni^ir^' jThul, 
when we lay, an Arch of 10, of 30* or gf 50 De- 
grees. That which contains juft 90 is commonly 
caird a ^adranty or Quarter of a Circle, As when 
there are ,iSa D^rcfi, i(^ cc^mouiy catP4 a Stmi* 
circle. Such are the Arches A B D, A D F, Fig. i» 
The Name of Arch i* alfo given to the Parts of all 
pther Curves, which are not CircuUr. As we lay 
iht Arch of a Parabola, of an Ellipds, C^r: 

«^M, The Surface or Space iitchided in any Fi- 
gure whatever. The Area of a Circle, for Exam- 
ple, is the Exten0(»fi or Spac^ compt'ehendedvhy the 
Circumfereoce.- '^"^ ^ .1 :.r ., l .n . :..:: . 

Atmojpberix Vaj^ouh or Exhklanoni which eirude 
out of a Body, an mJ i: ly tb a c^* 

tain diftance, Thjs Word li commonly underftcbd 
of the Kfafs QfAlr, which furrountis rhe TemftrFal 
Gl^be, andjeccives whatev^er exhales from the Earth 

r J ilO 1511 -.. 

jixsf^ a tight Une^ith jsifcppofcd to be irii- 
roovcablc, While the Bbdy^wlitch it pafles through 
nakcs a Revolution about it. The Axis of a Sphere 
or a Globe is a right Line Avhich pafles through the 
Cfotcr, ^od i$ terminated at two oppoCtc Pgints of 



sir A>nait»)^}^^- 

oac, ihd cftdS at liftPCi«lftr^«^ 

'n'£ir^iTfat<wilktplkr9iii »4i IMbd^ohisn'-fli^^ 
poii>'*^r^fi|^(BM^>artny'M^ 'We caS die 

Bbie of tfi0&M4^ at^Minlid^ Ok IbiMft ^IdM^it^ 

^^€eal0ri ^V&AiSt^ ^^Vke>®\M^ tHav^s eepdl}^ 
diftanc from all the oppofite and correfpondiAjg Paois 
of ili9>raiiicBod^ rTln Garmr «fBa Cireii^a 9dint 
eqii^yridifbntificm:M tWP^kw iiiillo^^Ciminntfik 
»ii(*if isC, JPy?l^i^, .'TheiC6<tari<pr*Spheiiec* 
Globe is Itjk i^^iiaUf diili^Ci^rii all tbefe ih 
the Su{Knfiei»i'/vyi^e* fimietioiegi give tif» Name' of 
CeAtcif tot Sokic^whkhis >mt<iec|tia8]f^ iroitt 

aU tbofe which terminate the F)!g(Eimnpift is* enough 
if k , diridis^ aU. ii'S: E>iameterkviiud> equal Parts. 
0^hus P,fnaiybc0oniidtnred;aa/tbt C^e# of'the Eliip- 
lis, as it is rcprefentodibfi'/^ g^'ifr" ,: to • *• ^ -' * ' 
^rtC/rdfiuar^ Figure/ i{dmiimtdliU]f a lCar?d^lioe^ of 
iwhich all the Pointe;iftf<D^(F^f Q\^^f^i} artr^eqiiHUy 
li^ant'^fhxn.J^notbirfibintfil, wfakb/is jcatt^d-the C^- 
i^, jFipt/^ It has. been /agreed ^p^ divide every 
Circle, great droflrndU ]3ift!i!f36d dquali:P^rcsj t!aU'd 
tJDhg-rr^i. ' SoritAtdie^e* FAi«9'ircrbd#^ic^rop0rti(>naI, 
i^at isiy grefafedff HygfsaterfCbcks^ afidb4di m lefs^ ixit 
alwa]fis ^fl thd friretfoNtudofcar iib ^fwy'bjnc.- Evdry 

,. v^■ ^.^r. ^-'r^ ,. U».-^. ^ni\ !• ■ ^ nute 



IP 



}€ec^f^ and ever 
Tbirdsj (^c. In ihq Sphere are diftinguiOied two 
Soiti of Cwl<i, gre^c and fmalJ. Th^ firft arc 
thofc the Diameters of which pafs through the Center 
of the Sphere t *icH ate tbc Eqtaattir, dfc IJoruaon, 
tbcZoditck, £s?c. i Tfaofc are caJPd Icffer Cirda, 
ihe Planer of %?hich do not divide tbe Splicrc inta 
two equal Parts > i>r> which is the fanie Things the 
Center of which is not the fanne as the Center of the 
Sphere. Sitch^ are f the Polar C5fdi?^ and the two 
Tropicks. 

MiiiQtr^mfftreuc^^ a Curve-line which returns into iu 
(Hff which ternninates and includes a certain Space. 
Such is the UneQ^T R S, Fi^. 3. or A D F G, 
JFigi 1^ Very often the Circle is confounded with ii'i 
eircomfercnceT^fct^ to fpeak properly, theCircum* 
ferencae is the Line that terminates, and the Circle is 
the Space terminated. 

Circular^ that which has the Form of a Circle, or 
which is made by k Revolotion about a Center. As 
the Motion of a Sling is circular, 

Ccncavf, that which is hoi low and round. The 
Infide of a Op or Hac is concave* 
•• ConcmtrU^ which has the feme Center* The 
jCircleif^i', Fig. j^. is Concentric to NOH, bc- 
Ctufc the Center C is common to both, 

C<mt^ a folid Body ferm^d by the Revolution of a 
right Line fixed at one end, and which by the other 
dcfcribcs a Circle, the Radius of which is lefs than it- 
ftlF. This is the Form ufually given to a Sugar- 
loaf i fee Fig. 2. The Point I is calPd the Vcricx 

or 




ijilfi^'^S^ MJbi^anAgfib ni ion w ?JuS ni: ['u 
CmcAly which luift^Jh^sS^iU;^ Aiio^^jGold,^ im 
w]^jMiimes'tJxtt^4^9^i (Efafewr<ppnlV\J^r4S 

uaited there. Thus if A (^ fl^s^^, «^4M|« tW^ 
J^. ^jt?.ir.C<tRWl|pbfi)i wt>dd.?IbBid'C,iaiiu|ii|M -C^ 

Angle ACB. .it-jnl-r. ■;•■ li/ii ad oj 3»i^)uO r^.-;:iw 
•>r .C«\W». aewjrf dtontwcljedv Jaa^lD e«t«tM}i9drJ^ 

Ori, as a Term of G.eome£ryi^:)s 9ik^^lifii^ 
j^ j:«tr9q|i$iM<>«f i^hioh .Miiniiigts m^^AKk'^ % 
<;arcl«, as. J<J0, f%4. •tFSii/LioaiifiUiii'jMlM^ 
J^uPt^) Us^jAgiii^vi^i^ itnoiefl&ft^ilNi^ 1iR)f 
^e^Circ\iniferewevp. ^ it.{i^(l;^irmgh'fte^4S(^ 
cer p£ the Cir<;te*j liieiii jit wdllbfaeiciUr4i«faBl£li^ 

. . C«^, a rcgil« 1 .^id»( ! IwnjiBMttl) V ti6ic- f qo^ 
fqqare Faces » Dicq»^,|k^i^i{i«^ ^bfea^inQpbet. 

A cybif ^po^ cxRifflfe* tftjft«J»n<y^f>fW«iar,'.'Bon- 
.^»,'y..,y^*4cr f^^^apei^ ^Ih 9*; which i» «.'I^«IF 

^'^^'frnK.aJ »•:' vd --bi-w -ji^ai^'- 5::! >"' '■ ■ '• '■ 
Cttrv^, is {aid of a Line (^ which all (he Parts are 

not in the fiimc Pireftion. 3uch is the Arch A B D, 
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fig. I * We alfbf <ia that a iurw4^uffick;' df ivhidi 
gll the Parts arc not in the feme Pkiru Sath is tfatC 
0faGlofae» of: A Cylinder, y^. ri^i^w 

CmrvUiMiafi which b compofird 6f tiirl^ Linc^^ 

Qi^iWrr^ ba SdUd which is cbmposM of cirtukr 
Plains, ail equal and paralleK The firft and laft of 
thliit Codes ai^ call'd the Bafes \ and the Line AB, 
plifittg chrc^gb ^ the Ctntersi ia^eaird the Axts of 
4fae Cylinder. Scc-F^-;. .cudT 

CyliBitimf^ which has the Form^ or Dtmenfions 
of a Cylinder t This is to be unda^ood as well of & 
pivity, asofafotid Body. TheBodfof a Pump 
within ought to be truly cylindrical, 
^-^rjiiag^tml^ m right Line^ whieb paflfes from one 
Angle ta ii*s oppofiie^ to a Figure of federal Sides. 
Sflch is U X, fig. 6. 

m^mt^t ^ right Line whicn divides a Circle into 
two eqtml ftrts. As G D, Ff^. i . We call alfo by 
this Name fuch Lines as pais through the Cenren of 
other Figures i as S T, i%. 5. or U X, HgiS. 
Ciltlea art caeafur'd by their Diameters, as alfo all 
other Figures *, and all the regular Bodies which arc 
^mpofed of Circles. Thus Cylinders and Spheres 
arc compared by cheir Diame^rs. * ' * ' 

Divifiingy is faid of two Rays of Light, which 
.proceed from the &mfc Potm, afvd tontfnually depart 
more and more from "eadi okhcri a^ C A, C B, 
fnocfieding from^ the Point Q Ftg. t. Drtrergfncy 
is meal*ur*d by the Angle made by the feparating 

jZ .oOfibiiQ omil oHj m Joo 




Eacmtric^ wkiift Has, not tKe lame Centre. The 
jpHpIc^tf i9/» I^ 4*^ IS. excentnc. to^^e two others 
of the fam^ Hj^rc,, becaufiT irt CtiUer D is. not^^ 
iacAe as theirs, .which is io C | ancl tWl^ifiuce b6- 
^ween C^d D b the Meafuit'ot'tlus^t^ 
^ .C/(?^^» or Sphere^ is a r^;aiar Sci^ all 

j^e^l^oints in |t*sSurface are equaHy diffant from a 
com^non Center. ^^i^^f.i^J / ''^'' 
. CUhuHj or little' Globe, Thfs W^ is often 
h(^ , ^^ figoify a fm^l JBody rc^nd "on' all Sid^. 
Mttcury, when feparatcd, parp into Globbles,^ The 
jittle Particles oJf Air appear In "Water in- the form 
of GJqIiuJcs, .,. _ Vr./.'i ' 

ii^/pbere^^ hal/pf a sphere or <!rk^ 
ten mean by this NjVqrd, that part of |lii Earth 
which is terminated by the r^tipnai HSwrixon. The 
Sun cvei;y E^y cnliglitci^ ouir^Hemiip^ 

Hexagon^ which has fix Si^ek or^l^ Faces. We 
lay an Hcxagpp?^.^J[^np,fln Heifa^oD^l t*yramidf. 

Horiz^taly panj|,Iei/tq the HoriEpn. This Word 
determines the. Pofition of a tlain^ or of a Line. 

Incidence^ fignifies the FalUiig or pireftipn of a 
li^c upon ^nochfr Lipe, or a Pls^iriJ We call that 
fhe Angle ^pf^oc^Jcnce which is Ibrm'd by this 
Meeting. 



I 
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Idniy isafeiicccifenof P6) 
obt another . lit! c Ppin ti iire In the (aitlc Dircfti- 
on, tH^ make ? right Ltrie; as ti^F, ivi^. to. If 
not, they make a Curvc-linc, asEGF. We may 
conceive all Curve lines as compofed of infinircly 
juttje right Lines, inclined infinitely little to one 
ano^hcr/as )^f^ fg^ gK j^' A Fig. to. In thia 
SaxCc there will be properly no Curve-line. 

Obtufi^ is faid of an A"gl^ whiciv has more than 
fio Degrees. St^ Angle. 

ParaUii^ is faicJ of a Surface, or of a Line, which 
ra it's whole extent Is equalty diftant from another 
Surface or another Line, The Lines X x and U u 
jire parallel to each other •, Fig. 6. 

ParaJUIogram^ a plain Figure, of which the oppo- 
fite Sides are parallel to one another. Such is 
Fig. 6. 

Pentagon^ a plain Figure terminated by five Sida, 

Perpendicular^ in fpcaking oF a Line or Surface, 
figniBes, that it has fuch an Inclination to another 
Line or Surface, that it makes with it two right 
Jliigles^ or opRe at Icaft, The Line HI is perpen- 
dicular to L M, Fig. II. 

plain, zn Extenfion or Superficies that is ftrait and 
fmooth^ terminated by one or feveral ftrait Lines or 
Curves. /7g. i-reprelentsa circular Plain. Fig, 6. 
reprefcnts a iquare Plaini ^**' ^ 
^ Painty the leaft extended Thmg poCible ; thd Di- 
menGons of which cannot be diftinguifh^d* This is 
rather call'd a Pfy/tcal PoinL 

Pete, 
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^ilf^oU^ one K^tht fxmnutiel of ike Jl^if, ahotll 
which Revolutions are made. The Poles of (be 
World are twd immoircabfe Pobit^ about which the 
Rerolution of ^ whole Sphere is p^fiwrm'd, ^iT 

Pofygon^ a Figure that has mtiVjr Sides. This irtf 
gtnertl Name» of which the Species tare z Tmogle^ 
a Square* a Pentagon, a Hexagon^ l^c^ ^j 

Prifmt t folid Body tsermioaied ^t the n^io Ends 
by two plain PolygoDS, which are equal, likc» and 
parallel, and as to it's length) by fo many ParaUdo- 
grams as there are Sides in the two Polygons, which' 
are call*d its Safes. When thefe tivo Bafcsare Tii-i 
angles, the Priliii is faid to hcTrjangular^ Such b 
that as is reprefcnted by Fig, 12. . j f ^ 

PrtffMlk^ which has the Figure- Wba. Prtfai^otf 
which has tome rclatioa to a Prifin; Thofe am 
call'd Prifma ic Gl^es^ which are made ufe cl co le* 
paratc the Rays of I^ight. Alfo the coloured Rays of 
Light » which the G!a& Prifoi makes us perceive^' 
act ibmctimcs call'd Pri/ptatic C^burs^ 
-iPyrmnid^ is a fofid Body of fcrerai Faces, and 
mdiiffh fifes iiito a Point, fig^i^^ The Cone oiay 
be confidcrcd as a round PyraaiidJfs;> Bt . 

^adrikiterdly a Figure terminated 'bf four right. 
Lines. Pig, 6. is a regular quadrilateral Figure, 

Radius, or Rny^ fpcaking of a Circle, is a right 
Line drawn from the Center to dm Circumference* 
Such is Cfl, wCD, 1% 1. The Radius of taf 
Cirdc is aUb caH'd it's Semi- diameter 
' Re3angU^ is (aid of a Figure which has one or 
more right Angles, The Triangle VXv, Fig^6. 

is 



IP 






Jtwccah^ty^ 'fed sdvl 

itfc£buigidir>'?iKd»iie€iiirafiA Angles tr is a right 

The two Triangles or the Sijiukfr jRff.lf .ntn nai*- 
iincar or right4ined Figures.' :** ML^ji'*! - 

SiOoty li a Trian^c form'd by an Arch and by 
two Rays. Such is A BC, Fig. u The Seftor of 
a Sphere fe aa crt£t Conr^ the Bafe of which is t€r- 
xhinatcd at the Pliin of a Segmcnr 

Sfgmifa^ isa. Purtioii of a curvt-lined Figu're ter^ 
mioflted by ah 'Afch amJ by a Chord, O Z N^ 
1^:4. k a Segment of a Giitic Wcalfo Tay rhc 
Siplmt of a Spherfy to exprefs the Pirc Which is con^ 
taincd by a Portion of the convex Syrfart; ai*id by a 
Plain which docs not pafs through the Center. ^Tis 
10 this that a Scgrnen t differs from an Hcmifphere. 

Siwt^ is a right Line which fs-dmwii irbm the 
Extremity of w Arch of a Girdle^ perpendicularly 
upon the Diafncter which pafles through the other 
Extremity of the fame Arch. This is csll*d the 
rigii Sht^ aS H K, Ftg. i. But the Part of the 
Diameter cut off by-the right Sirtfe as far as the Cit- 
comfcrence, is called tht tkrfid SfBt^ <if Ssgtffa^ it^ 
K G* Afid the whole Radios 6r Semi-diameter is 
the Sim ioUil^ orthegneateliQf alitheSii)e9» 

Sfbare. StcCJobe. it . -^'A ic . 

S^bmcAl^ whkfr has the Figure of a Sphere j laa 
IkBall which is perfeftly rotknd onfall Sides, 

Spheroid^ a folid Body which approaches nearly 
to the Figure of ^ Splierc, buc is tiot pcrfeftly round 
on all Side$» bavlitg not all icV Djatnetets equaK 

This 
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sif ^i A VocaMary^ Ice. 

Tlui is the Figure whkh is now attributed to th« 
Earth. 

SfMori^ t Figure of four Sidcs» having it's Angles 
ri^t. If It's four Sides are equal, itiscall'da^* 
feS Square. If it has two Sides long, and the cdief 
two Ihort, which are oppofite to each other» it is 
cali'd a ^r ^fMTf . i?/. 6. isofthefirftkind. 

friat^k^ a Figtve comprehended by three Lines, 
which from three Angles, C,D,E, Fig. 8. Tri- 
angles receive different Names, according to the Nai- 
ture of the Lines and Angles which compofe fhen^. 
Thus we call that a rigbiMmd TWtfx^ilf, which is 
compofed of right Lioes, Cunrilineari if composed. of 
Curves, mix^d when pardy of each: Re/^anguUtr^ 
when one jlngU is right ; EquikUeral^ when all the 
Sides are equal, &r. 

Vertical^ is (aid of that Point of the Heaven 
which is dire£tly over our Heads, and is otherwile 
caird the Zenith. A Line falling ftrait from this 
Point is neceflarily perpendicular to the Horizon. 
Wherefore we fomctimes ufe this Word to expreft a 
Dire&ion which falls at right Angla upon an hori- 
zontal Plain. 
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Experimeatal Philofophy* 
LECTURE I. 




intVoductior 

T U R A L Philofophy is the Science 
of Body • It's Objcd is to know the 
Productions of Nature by their Proper- 
ties, by the ElTeds they exhibit to our 
irnfes, and by the Laws according to which their 
mutual Adions are performed. *Tis in this chiefly 
chat it differs from Natural Hiftory, which only in- 
forms us what are the Produdlions of Nature, and 
the fenfibie Diffcrencrs by which they are charade- 
rizrd, according to their fevera! Kinds and Sprtiis. 
We call Natural Bodies all the Material fubftan- 
the Collection ot which cocrpofcs the Uf ivcrfe. 
YOLIl a What 




2 litres in Experimental Pbikfopby. 

Wlot #l^'obicrfe in them to be onifonn and 
fi^'bf which we do not perceive die Caufes, we 
i^'Praperiies ; and we kt out from hence, as frooL 

*'-., a 6zt Point, to explain the diflmnt P ha eno m ga;, 
'* not daring to aflbre oariclves, that what we afl^ as 

•* a firft Phyfical Caufc, may not be the Eflfea of fome 
other Principle, which is unknown to us. 

If we were certain of having entirely exhaufted die. 
Nature of Body ; if we knew beyond all Doubt, that 
it had no other Properties, but thole which already 
are come to our Knowledge ; we might juftly boaft 
of having acompleat Idea of it, and we (hoold have 
nothing elfe to do but to make Applications, in or- 
der to give a Reaibn of the Natural Effeds, which 
arc the Objeft of our Study. But we arc very far 
frdm being able to prcfume fo much. We certainly 
have no Right to make fuch aSuppofition. That Ex- 
perience, which has taught us what we knowof thefe 
Properties of Bodies, isfo far from telling us that it has 
nothing more to teach us, that it feems, on the contrary, 
to promifc us an inexhauftible Source of new Dlfco- 
vcries, even by thofc very Experiments we make every 
Day. 

Tho* Phyficks cannot boafl- of knowing all that 
Bodies have in common amongfl: themfelves, or what* 
ever is particular in every one ; yet it knows a certain 
Number of Attributes, which it looks upon as pri- 
mary, till it perceives a prior Caufe, of which they 
are only the Effcds, and which is found in a general' 
and abfolute manner, in whatever is material. Such, 
for Example, is aftual Extenfion, Figure in general,^ 

Capacity 
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LeBures in Experimental Fhihfipby. 
Capacity of Moving, i3c. which arcconnefted with 
all Bodies in an infeparable Manner, in whatever 
Stare or Circumftances they may exift, 

Th e r e arc Properties of aa inferior Order, which 
do not belong to all Bodies, but as they are placed in 
certain Scares and Circumftances. Thefe arc com* 
monly nothing but Combinations of the former, and 
make a fecond Clafs. Such for Example is Liquidity 
or Fluidity, which probably depends on the relative 
Motion of the fcveral Parts, or on their Figure, Mag- 
nitude, t£c. So that thofe Subftances only can be 
called Fluids, which are in fuch a particular State : 
Thus Fluidity is the Property of Water which can 
run, and not of Ice, though it be the fame Body, 

Lastly, Thefe Properties of the firft and fccond 
Order are more and more combined, and fo belong 
to a kfs and Icfs Number of Bodies. Then they are 
no longer extended to all, as the firft are. They do 
not involve certain Conditions, as the fccond* They 
are limited to certain Kinds, Species, and even to In- 
dividuals themfclvcs. Such are many Properties of 
the Air, of Fire, Light, Metals, of the Load^Stone, 
tdc. Therefore we (ball firft treat of the more general 
Properties, and then wc fhall proceed to reckon up 
ihofe which are peculiar to certain Bodies. 
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SECTION I. 

Of the Extenfim and Divifibility of Bodies. 

TH AT which firft prcfcnts idclf to our Ideas, or 
at lead to our Sen fcs, when weexaminc the Bodies 
that furround us, is their Extenfton^ that is to fay, a 
limited Magnitude of any Shape, in which we con- 
ceive Parts diftinguifliablc from one another. 

Material Extcnfion, which is what we treat 
of here, has three Dimenfions, Lengthy Breadth^ and 
Deplb^ which Geometricians confiJer and meafure 
fcparately one from another, but which in Phyficks 
are infeparablc. For, the fmalleft Body is folid ; it 
has at lead two Surfaces really diftinft ; and as the 
Depth is compofcd of Surfaces, and that thefe Sur- 
faces rcfult from a Colledion of Lines ; it follows that 
the lead of all Bodies is long, broad, and deep. 

All the greater Bodies, I mean thofc which arc 
fafficiently extended to be vifiblc or palpable, may be 
divided into fcvcral Portions, which continually de- 
creafc in Magnitude, as the Divifjon increafcs ; till at 
laft every one of them is too little to be perceived by 
our Scnfes. Thus the Filrf reduces, as it were, to a 
Powder a Piece of Metal, which the Chiflel has fepa- 
rated from the grofs Mafs. 
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LeStures in Experimental Phihfophy. 5 
How fmall focver thcfc Particles of Matter may ap- 
pear to us, we are eafily convinced that they are ftill 
divifiblc. The Arts inform us by a thoufand different 
ProccfTes, that thefe little Bodies are themfelves a Col- 
Icftion of Particles, or little ManTes that arc feparablc 
fron:i one another. A Grain of Wheat which the 
Mill-Stone grinds into Flour, is ftill farther fubdivi- 
dcd in the Water, which affifts it*s Fermentation. 

These Particles thcmfelves, which arc only Ten- 
fiblc when there are many of them together, and which 
our Eyes can hardly diftinguifh from one another with 
the beft Microfcope, arc farther dccompoundtd on 
many Occafions, and inform us in a very convincing 
manner, that they have Parts which may be fcparated 
from one another, and which very often have no Re- 
fcmblance to one another A Piece of Wood put in- 
to the Fire foon ceafes to be Wood* Not only the 
Panicles which make up it*s Mafs are difunited, but 
thofc very Parts which Nature had conneded together 
to form thefe Particles, yield alfo to the A (51 ion of 
the Fire, and appear fepararcly under the Form of 
\ Smcak, of Flame, of A (lies, fcfr. 

Finally thefe laft Parts, which areoftcn dilTe- 

[rent from one another, but the Union of which form- 

Ped little Mafics like one another in the fame whole \ 

ihcfe Parts ^I fay) arc not yet fuch Things as we may 

'confider as abfolutely indivifiblc. 1 ho' fonietimcs 

rhc Name of ^Principles is given them, 'tis rather a 

Denomination they have received from Cuftom, than 

La Charafterupon which we may rely, in attributing 

to them a real Phyfical Indivifibihry. We have Hea- 

A 2 fon 




h yrtuoLZ vxzzHdT^ tz£j zsrt ace ii Jtj prcJ t&e bft 
frj£dc Dtgrsr cc ST.f^ifrT Tjct iirc drsr Bf- 

tcrc b: r:o& ot rbem. SjcI:, for Fxirnfu^ a Szlpiury 
wjixh bcrttofort wu !.x.i:rf cruca as a ?inhftiiicr 
w&kh ift isttiCerabZe, oijl!^ uic cf bj Xmsrc in the 
Coaspo&xxiof Badxs; vhxhanureper&SFftr&b 
has firxc feond incuis to dccoa-pocod, and eicn to 

BcT afcer we have cxhauftcd aO our Endearoan 
to dirklt any Pan of Matter, and all oar Proccflks 
hil m^ md Expcnment rtfufb to icform us better; 
What oogbt wc to think of the DiTifibaity of Body 5 
and what Rule- can we follow in our ConjeAurcs ? 
Muft we think that all is done, and that wc hare 
fnirfued Nature into her laft Retrenchments, and 
t!jat wc are arrived at thofc fmall fimple Bodies, with 
Hhich we may fuppofe flic begin that Work, which 
wc have undertook to dccompofc ? 

Tr would be Prerjmption to think it, and the 
Difnrulties themfclvcs, which we have met with in 
CJir Trials, ought to make.us at leaft to fufpeft the 
contrary. When we undertake to divide a Body, 
fhc Execution becomes more and more difficult, in 
Proportion as the divided Parts decreafe in their 
Bulk. 'Tis becaufe we cannot feparate them, but 
hy making a foreign Matter act upon them todifunite 
tbcm, or by ufing external Force to oblige them to 

• Mc8soir$ of the R. Academy of Sciences, for"i704. p. 275. 

fcpar^tc. 
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ftpante. The fmaller they become, the lefs hold 
they afford to the Means we ufe, and their Difunion 
jsfo much the more difficult* the more they refemble, 
or the nearer they approach to, their 6rft Simplicity; 
whether they then touch by Surfaces that are more 
analogous, or that few Bodies are to be found har* 
der and fmaller than they arc^ in order to fubduc 
thern^ 'Tis therefore very natural to think, that 
when Matter can no longer be divided, *tis not be- 
caufc it has no P.irts that are farther divifiblc ; but 
becaufe there is nothing fubtile enough to diffolve it's 
Continuity. 

is Matter therefore divifiblc ai infinitum ? What 
we have faid hitherto, does not oblige us to make 
this Conclufion. And this Queftion, which makes 
fo much Noife in the Schools, appears to be reduced 
within a fmall Compafs, when Men underlland one 
another rightly. For if it is underftood of a Divi- 
fibility, which is meerly ideal *, it is plain we may 
anfwer in the affirmative; for then the whole will 
come to this, whether we can conceive a Body al- 
ways as divifible, however divided it may already be. 
But it is certain we can conceive it in this Manner : We 
ftill imagine there are two Halves in the fmalleft 
Particle. The Surfaces that comprehend it, tho' 
infinitely near one another, can never coincide •, and 
we may always fay the fame thing, at every new 
Divifion that we can fuppofe. This imaginary Di- 
vifion therefore has no Bounds, fo that if Art and 
K Nature could extend fo tar, as to execute all that wc 
■ can conceive, we might find in the Wing of the 
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fmallcft Fly a Number of Parts, which at laft would 
be equal to that of the Grains of Sand, which art 
fcattered upon all the Shores of the Ocean. A Pro- 
pofition which can appear a Paradox only to thofe, 
who would confound the Comparifons of Nunnbers, 
which only can have Place here, with thofc of ma* 
terial Magnitudes. 

But is Nature as fruitful as our Imaginations ? 
That which we conceive as poffible, does it really 
obtain in Nature? Suppofe thefc little Portions of Ex- 
tenfion, which touch one another without Confufion, 
to be really diftinguilhed from one another, are they 
therefore adually divifible ? Have they evercxifted, or 
does their Nature allow them to exift fcparately from 
one another ? Upon this. Experience has pronounced 
nothing that is certain \ and as in Natural Philofo- 
phy. Proofs drawn from Fad are the only ones that 
teach us any thing, we may fay that this Queftion is 
undecided. 

Yet many Philofophers, by fuppofing- Limits to 
this Phyfical DiviQbility, have taken upon them to 
fay, that the Elements of Bodies are abfolutely indi- 
vifible, and that Nature in forming them had im- 
pofed as it were a Law upon herfclf, never to fufFer 
them to be divided. For a Proof of this, they alledgc 
the Experience of fix thoufand Years. 'Tis oft this 
account, fay they, that the natural State of things 
has always fubfifted the fame from it's firft Original. 
An Oak is an Oak for ever, a Horfc at this Day is 
what it was at the Beginning. If the Buds, or that 
which conftitutcs cvcrry Nacure in particular, was a 

thing 
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thing divifible, would not Nature in general have 
changed her Face, by the fevcral Mutations that every 
particular Species rriuft have fuffcrcd ? 

Tmo* I atn more inclined to admit the Being of 
Atmns^ or infcparable Corpulclcs, than to fuppofe 
Matter phyfically divifible ad infmyum 1 yet I cannot 
diflcmble* that the Argument I have now brought, 
as fpecious as it may appear, is not of Force fufficient 
to decide the Qucftion, and that a fubftantial Anfwer 
may be given to it. For though thefe little Bcings» 
the immediate Produftions of Creation, were not in- 
di(ccrpible as is fuppofed % would not the Author of 
Nature have fufficiently provided for the Continua- 
tion of his Works, by fufFering only fuch Means to 
ei[ift in the World, as arc unable to diforder the 
(Economy of it ? Let it be proved then, th^t an 
abfolute Indivifibility of the primary Parts, is the 
only way that the Wifdom of the Creator could have 
taken, to render each Species unalterable. But if 
this admirable Uniformity, with which we fee Na- 
ture to be reproduced every Day, is not an invincible 
Proof of the Exiftence of Atoms; it ought at lead to 
make us think, that we (hould not fo eafily fuffer 
ourfclves, at our own Humour, to change one Man- 
ner for another. All the Means that Art can furnifh 
us with for fuch Operations, would be but feeble 
Imitations of Nature, of her Digeftions, Fermenta- 
tions, Calcinations, 6?f. And if Nature herfcif, 
fmce her Original, has been conftantly preferved with* 
out any Change, notwithflandlng all the Motions 
which have been produced in her own Bofom, and 

arc 
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arcftill produced every Day, ought we to flatter 
ourfclves, that we can work Miracles in our Labo- 
ratories? Chemiftry itfclf, tho* more (kilful now 
than it ever was before, for this very Reafon gives up 
more and more this Kind of chimerical Pu^fuits, 
to apply itfelf to Operations of more real Utility. 
It decompounds the Produftions of Nature as far as 
it can, in order to know their Properties \ it makes 
Extraftions of them, which it converts to our Ufe ; 
and if it endeavours to imitate Nature, 'tis no longer 
by attempting to compofe Subftances, which (he 
cannot flatter herfelf fo much as to know. 

From what we have now faid concerning the Di- 
vifibility of Bodies, it refutes flrft, that there is no 
Limit to this mental Divifion, which requires no- 
thing in Matter but a real Diftinflion of Parts. Se- 
condly, that a Phyfical Divifibility, poflible or not 
poflTible, ad infinitum^ is nothing but a Syftematical 
Affair, in which probable Arguments may be found, 
both for and againft the Queftion. Thirdly, that 
we cannot deny at Icafl: a Multiplicity of Parts, 
which are aftually fcparable, and fo fmall that their 
Number and Subtilty far furpaflcs our moft refined 
Notions. 

The laft of thcfc three Propofitions is the only 
one which is capable of this fort of Proofs, to which 
we confine ourfelves in this Work. I therefore ap- 
peal to Experiment, and ihall undertake to make 
known by Fafts worthy of Curiofity, what we 
ought to think of the prodigious Divifibility of 
Body. 

E X P E. 
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EXPERIMENT L 

PREPAR AT ION. 

-IT OS place upon three fmall Nails, or in any 
other Manner equivalent to this, a thin Piece of 
Money of Copper^ Silver, or Gold •, and under it 
and apon it let us put feme Flour of Brimftone^ 
and fa it on Fire i as is reprefented by Pig, i. 

Effects. 

By this Operation, which fome bad People abufe 
to make counterfeit Money, the Piece of Money will 
be parted into two, according to it*s Plain. And 
very often one of the two Pieces, being more thin 
and brittle, leaves the other fo well marked, as not 
to appear to be fcnfiblydiminifhed. 

EXPLANAT I ONS. 

A Body is divided when the Connexion of it's 
Pans is diffolved by a foreign Matter, and which is 
not fuitcd to unite itfelf with them. *Tis thus that 
the Blade of a Knife divides a Piece of Wood into 
tira The more fubtile Part of the Sulphur, which 
expands itfelf in burning, and which infinuates itfelf 
on all Sides between the Parts of the Metal dilated 
by the Fire, forms within the Piece, and according 
to it's Plain, a Layer of Matter foreign to the Metal, 
which eaufcs a Divifion, and which may be perceived 
when the Parts are feparated. 

Applications^ 
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Appli cations. 

The famcCaufe, which difunitcs the Surfaces 
which were joined together, hinders them from join- 
ing ag^in, tho* they might have all the Difpofuions 
jieceflary for it. 'Tis therefore for this Reaibn that 
we make Ufc of Oils and Greafe, to keep diftindk 
fuch Matters as we would hinder from uniting or 
mixing; fomething moid to prevent the Adherence 
of things that are fat; abforbing Powders, when 
there is a Fluidity on the Surface which would make 
them join. Thus, to make Ufe of fome familiar 
Examples, we may obferve, that they make Uft of 
cold Butter in Slices * for Paftery- Work, which ought 
to Part into Leaves ; that they moiften with fomc li- 
quid Matter the inGdeof Molds, in which they arc 
to caft melted Wax, or Sulphur, &?r. and that they^ 
put upon dry Sand, fuch Veflcls as are newly formed 
in the Manufaflures of Porcelain or Dutch Ware. 
'Tis for this Reafon alfo, that in the Arts they take 
great Care to cleanfe very well fuch Surfaces, as they 
vould join together for a Continuance. 

The Ulc of Glues and Solders is no Argument 

againft this Propofition, tho* a foreign Matter is 

then interpofed between the Parts that are to be 

joined. 

As for Example: The chief Reafon why a little 

tVater dropped between two Pieces of Wax, com- 
monly prevents the Union of thofe Parts, is t|iat 
the Water not being adapted to penetrate into thefc 
•uhlIuous Bodies, and applying itfelf to thecn bgt 

imperfedlly,. 
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impcrfcdly, it's Intcrpofirion cannot fcrveas a com- 
mon Copula or Cement, But it is not fo with a GIue» 
which can penetrate, tho* ever fo little, into the Pieces 
which arc to be joined together. *Tis a fluid Body 
when applied, and which for this Reafoii, can infi- 
nuatc itfclf on each Side, into the infenfiblc Cavities 
of the two Surfaces. But it foon becomes fol id, by 
being forfaken of it*s Humidity, which penetrates 
fanhen Then thefe little Bandages, being as many 
almoft as there are Cavities between the fol id Parti 
of the Surfaces, make a very ftrong Adhcfion, Tis 
on the fame Principle, tho* with fome little DifFc- 
rcncc, that Solders ferve to join Metals together. A 
Mixture of Lead and Pewter together, for Example^ 
when put into Fufion by touching it with a red-hot 
Iron, penetrates into the firft Surfaces of the Metal 
dilated with the fame Heat; then a fuddcn cooling 
makes the Parts to approach one another. The 
Solder at the fame Time lofcs it's Fluidity, and 
adhering on each Side, fcrves as a common CopuU 
to both ihc Pieces, and fo joins them. 



XPERIMENT IL 




Preparation. 



Ik a drinking Glafs arc put fome fmall Leaves of 
Copper ; in another like Glafs is put a little of the 
Filings of Iron or Steel. In each of them is poured 
half an Ounce of Aqua Foriis, See Fig, 2. 3. 
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Effects. 

In the firft Veflcl there arifcs a little bubbling ; 
the Metal appears agitated ; it's Bulk apparently di- 
minifhes; the Liquor becomes hot; it aflfumes a 
green Colour ; laftly the Leaves difappear, «and a 
Vapour is feen to arife above the Glafi. In the 
other Veffel^may be obferved the fame EfFefts pretty 
nearly, but more quick, more violent, and the Co- 
lour approaches to red. 

Explanations. 

Th e Parts of the Aqua Fortis, which may be 

confidered as fo many little Razors, or fmall but very 

(harp Needles, are hurried among the Parts of the 

Copper or Iron, by a Force,, the Knowledge of which 

is not yet fettled by Philofophers, and concerning 

which Experience has not yet pronounced in a deci- 

five manner. Every little Mafs being penetrated on 

all Sides, difappcars by little and little by the Divifion 

of it's Parts, which float independently of each other, 

in the Liquor, which has difunited them, and which 

by their Mixture appears under a Colour, which it had 

not before the Operation. The Heat, which arifes 

during the Diflfolution, is a natural Confequence of the 

Motion of the Parts, andof theAftion of one Matter 

upon the other. As alfo the Vapour, which fenfibly 

arifcs, is an EflFeft of the incrcafed Heat. 

Thk 
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Tk e fame thing is produced in the other Gbfe, 
feat more fuddenly, and with more Violejice. The 
chief Rt!afon of this Difference is, that the Aqui 
Fortts made Ufe of in thcfe two Operations^ for di- 
Yidtng the Maflcs, has more room to cxercifc ii*s 
A&ioo on the Iron reduced to Filings, than on the 
Copper which 15 in Plates. It afl:s fo much the more 
as it is applied to more Surface in the fame time. 
But the Quantities of the Matters being equal, this 
prcfcnca more of Surface becaufe more divided. Let 
tit fuppofc, for Example, one Ounce of Iron to be 
oollc£kcd into a little fpherical Mafs. If this little 
Globe is cut according to it*s Diameter, it's Surface 
will be augmented. For It will ftill have that of it*s 
fwo Hcmifpheres, and it will moreover have that 
which is produced by it*s Seftion, And if the Num- 
ber of Seftions is multiplied, 'tis eafy to perceive, 
that the Quantity of Surface will be more and more 
increafcd. 

ANOTHER Rcafon, which may be added, is tl^is, 
that the Copper in an equal Volume is heavier than 
ihc Iron. Therefore there is more void in the latter 
of tbcfc two Metals, and corvlcquently a freer Ac- 
cefe for die Aqua Fortis, if other wife all things are 
equal. 

As to the Colours that the IJquor aflTumes by thetc 
Dtflblutions, this \% not the Place to fpeak of tliem. 
We (hall explain this Kind of Effcfts, when we come 
10 treat of Lis^ht. 



Appxicatioks* 
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Common Water, in Rcfpeft of a great Number 
of Bodies, docs the lame Thing as Aqua Fords upon 
Metals, It diffolves Earths, Salts, the Juices of 
Plants, fcfr. It is impregnated with their divided 
Parts, and keeps them Icparate, as long as there is a 
fufl5cicnt Quantity to hinder them from joining again. 
When Rivers appear turbid after Rains, or after the 
melting of Snow, 'tis becaufe they then receive into 
their Channels Waters that arc loaded with Earth and 
Sand. Mineral Springs then aJTume their different 
Qualities from the Matters they contain, in Particles 
fo fubtile that their Tranfparcncy is not loll. And 
the Sea is fait, according to the moft received and 
probable Opinion; becaufe it diflblves the Rocks of 
Salt, which are at it's Bottom, and arc fuch as are 
found in other Parts of the Earth. 

This fort of Diflulutions does not decompound 
Bodies *, it does nothing elfe but divide their Malfes, 
and makes their little Particles thus difunited, to be 
independent of one another. Even Art furnilhes us 
with very cafy Methods to reduce them to their firft 
State, It is enough for the moft Part to evaporate 
the Liquor which keeps them in Diffblution ; and 
this is the fimpleft Way, when their Parts are Itfs 
volatile than thofe of the Dtflblvent, This Pra&ice 
is in Ufe, to fcparate the Salt from the Water at the 
Brine- Pits -, to extra6t the Salt-Petrc from the Lee- 
Arties which contain it i to refine Sugars; to incrcafc 

the 
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die Strength of Soups and Gcllies i and, in general, to 
thicken all fuch Matters, in which the liquid Part i* 
too abundant. 

We may coiled again that which has been diflbl- 
ved, by Prtcipicacion* This always happens^ as often 
as we prefcnt, to the Diflblvent, a Matter more pc* 
netrablc in refpeft of itfclf, than that^ with which it 
is impregnated. For, then entering into the new 
Mafs, it depofits the other Parts, which their own 
Gravity precipitates to the Bottom of the Vcflcl As 
for Example : When we pour Spirit of Wine upon 
Water, which is fatiated with Sugar i one of thefc 
two Fluids penetrates the other, and forfakes the Parts 
of the Sugar, with which it had before been impreg- 
nated. 

Wh e k wc thus precipitate Metals, it may be done 
after an elegant Manner, and which is not very apt 
10 impofe upon thofc who are not verfcd in Trials of 
this Kind. For Example : Dip a Plate of Iron in a 
Solution of Copper, or of blue Vitriol with Aqua 
Fortis, the DIflblvent will aft preferably upon the 
Iron, and depofit the Parts of Copper, in the Place 
of thofc which it will feparate from the Mal!s of Iron •, 
fo that at the End of the Operation, we may be able 
to draw out of the Veflel a Plate of true Copper. 
Ncverthclefs it would be an Abufc of this Experi- 
ment, to propofe it as a Procefs for converting Iron 
into Copper; becaufc we fhall never extraft any 
more of this lad Metal, than what entered into the 
£rft Salution. 
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Infusioks properly fpeaking are nothing clfebut 
Diffolutions I but commonly more flow : With this 
Difference however^ that mftcad of making the whole 
Mafs to difappear, they take from it only a certain 
Portion, 

Tk2 Bodies which we infufe arc generally compo* 
fed of Parts of different Natures, The Liquid thai 
penetrates them, is impregnated with thofe that fub- 
mit to it's Aft ion : and the other which retufc, con- 
tinue united under a Volume, which differs little from 
tkat they had at firft. Indian and Brq^ Woods, fefr, 
foaked in common Water, yield a certain Juice, whidi 
Nature has placed between the Fibres of thofe Sorti , 
of Wood : Yet in this Extraft, which makes a Tinc- 
ture, we can perceive no fenfible Diminution, as to 
Bulk, in the Pieces of Wood, from whence that Tinc- 
ture is drawn. 

Infusions, that are made with hot Water ait] 
both much quicker, and alfo much better impregna- 
ted. The Heat increafcs the Fluidity of the Water,! 
and makes it more penetrating. It alio dilates the , 
Solids^ which are immerged in it, and makes them 
more penetrable. Thefe two Reafons concur to pre 
duce the fame Effeft, The acrid Juices, and othcrl 
difagreeable Farts, which by boiling, we take from" 
the Roots and Fruits, that are boiled for our Nou- 
'fifhment, could not be cxtra<fled from them by cold 
Water. 
V Though Diffolutions and Infufions, which do 
nothing clfe but divide or cxtraft, make no Change 
in the Nature of the Parts which they fcparatc and 
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take away ^ yet they make them fit for the Effefts 
they arc to produce^ and which we fliould expeft in 
vain without one or other of thefc Preparations. 
IVhat Afliftancc would the greateft Part of the Mi- 
nerals or Vegetables, which are made life of in Me- 
dicine, afford us, if a much more minute Divifioa 
than could be obtained by cutting them, did noC 
procure to thefe Bodies a fufficient Quantity of Sur- 
face, as alfo convenient Figures and Magnitudes^ 
for the internal Parts of the animated Body, upon 
which they are to operate ? That agreeable Variety 
of Colour chat we admire in Stuffs, and in all fuch 
Subftances as are capable of Tindlure, does it not 
for the moft Part proceed from Infufions ? Juices 
which are indurated in thofe very Plants in which 
Nature has prepared them, and which would remain 
there quite loft to us^ are foftened and expanded ia 
the Wacer which penetrates them. With it they 
infmuate themfelves, and are fpread upon a Surface 

k prepared for them. In all which Cafes the Water 
evaporates i but the Tindure remains* 
Tr 
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EXPERIMENT III. 

PREPARAT I OH, 



Til 1 fourth Figure rcprcfents a little Perfuming* 
Pan of Glafs, partly fuU of a fragrant Liquor, as 
Orange Flower Water, or Spirit of Wine in which 
Lareoder has been fteept ^ and placed upon a little 
lighted Limp« 

B a ErricTi* 
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Effects, 

When the Liquor begins to boi], there comaj 
out of the Spout of the Perfuming- Pan a very co-j 
pious Vapour, which fpreads itfclf fo powerfully ovc 
all the Room, that it may be perceived from one Endj 
of it to the other j yet without fiiewing any fenfible 
Diminution in the Quantity of the Liquor, when the! 
Experiment is at an End^ which will be in about twa j 
or three Minutes. 



EXPLANAT IONS, 

Th E Vapour, which conveys it's Scent through all| 
the Room, is nothing clfe but the more volatilcj 
Part of the Liquor, which the Fire has feparated 
from the Mafs, and has exceedingly divided. Thefe 
little Bodies, notwith Handing that fmall Diminutioaj 
in the Quantity of the Liquor, are of a Number j 
fufficient co expand themfclves equally and to be] 
perceived through a very large Room. 

If we defire to know nearly, the prodigious] 
Number of thefe odoriferous Particles, and to repre-I 
fcnt, in a more cxa£t Manner, the furprizing Divi-j 
fion that a fmall Quantity of the evaporated Liquor* 
muft undergo j it will be fuflicicnt to compare it to 
the Volume of Air contained in a Chamber, which 
'may be about iz Feec fquarc, and of the Height of 
lO Feet. Suppofe then that this fmall Quantity of 
Liquor aforementioned, fliould be equal to two Cubic 

Lioei 
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Lines •, before the Experiment is made, and thar^ 
after the Evaporation, there 0iould only remain four 
Particles in every cubic Line of Air ; (a Siippofition, 
which maybe allowed, (hould we take things at the 
leaft Advantage,) How many Millions of Parts (hall 
wc prefcntly find out by this Comparifon, and by 
this Calculation, which may be eafily made? But thcfc 
Millions of Parts, how much will they be ftill in- 
creafcd if weobferve, that That which here makes the 
Scent to be fenfibly expanded^ is but the Icaft Part of 
what is evaporated? For, in the Liquor, as well as 
in the fragrant Vapour, we ought to diftinguifh the 
Parts which are proper to the Fluid, and thofe which 
wholly belong to the Perfume. 



Applications. 

If wc confider Odours in Regard to our Scnfea^ 
they arc ImprefTions made upon the Organ by the 
Q)rpufcles, which exhale from the odoriferous Bodies. 
That which is only (hewn in the Little by the laft Ex- 
peri men t» we find every Day in the Great by divers 
natural Effecfls. There is expanded upon our Globe a 
certain Degree of Heat, which is various according 
to Time and Place. This Fire lighted up by Na- 
rufc, and which puts every Thing in Motion, joined 
to other Caufcs of which wc ftiall fpeak elfe where, 
carries off continually the more fubtilc Parts of all 
the Bodies that cover the Surface of the Earth, Thofe 
. chat arc proper to make themfelves be perceived by 
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the Senfc of Smelling, being expanded and floating^ 
as well as the reft in that Parr of the Atmofpherc 
chat is impregnated with them, become fo much the 
more fenfible as they are found more copious in a 
Volume of Air of a determinate Magnitude. This, 
no doubtt is the Reafon, why we fmcll more 
agreeably the Flowers of a Garden towards the Even- 
ing, when the Air is cooler, than in the fultry Heat 
of the Day, This Coolnefs, which condenfes the 
Air at the Approach of Night, by bringing it*s Parts 
nearer together, contrafts alfo the Exhalations with 
which it is loaded, and when we breathe it in this 
State, it brings with it to the Organ of Smelling, 
a greater Number of the odoriferous Particles wc 
are fpeaking of. 

If Heat always keeps up a greater or lefs Quantity 
of Motion in alt Bodies \ and if by that, as wc can- 
not doubt, it occafions a continual Lofs of their Sub- 
ftance; Can we wonder that every Thing fliould de- 
cay in Time, and that certain Bodies (hould Icflcn 
and vanifh away on a fudden ? *Tis by th js Means that 
Ponds and Marlhes are dried up, when Rains and 
Springs do not fupply their continual Evaporation. 

But to confine ourfelves to Examples taken from 
odoriferous Bodies: Do we not obfcrvc it in a very 
fenfible Manner, in Plants and in Flowers ? Why 
do they grow weak and flaccid under a great Degree 
of tfcat, fo as to hang their Heads by their own 
Weight? Why do they look frefh again in th? 
Morning, and appear with their former Vigour ? Is 
it not bccaufc that which exhales in the Day-time 

exceed! 
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«ceeds that which afcends from che Earthy in 
order to repair them ? But it is not fo in the 
Night-time, when the Vacuities are fiipplied and 
filled up. 

Though Plants by their Exhalations, lofc fo 
great a Quantity of their Subftance^ yet we cannot 
affirm, that the Part afligned for propagating their 
Smell, fuffers much by this fenfible Decay. It ap- 
pears by all other Bodies of this Kind, that Nature 
has fubjetfted them to fo prodigious a Divifibilicy, 
that they can furnilh out fufficient for this Purpofc, 
during a long Courfe of Time. Every Body knowi 
that a Grain of Mufk will make itfcif fmcll, in a 
Manner not very agreeable, for a Space of twenty 
Years, in an Appartment where frefli Air ii ad- 
lifted every Day, It is well known alfo, that 
lounds will give Chace to a Stag, fometimes for 
fix Hours, and that very often without having any 
other Guide, than the Scent that he leaves behind 
him. How many Corpufcles then muft iflue from 
this Animalj to trace out it's Courfe, for fo long a 
'imc, to perhaps forty other Animals, who frc- 
^quently lofc Sight of him? 

Th I greatcft Part of Brutes, and efpecially Dogs, 

have their Smell exceeding delicate. The Difpofi- 

tion of this Organ, the chief Part of which is with- 

[outy and the frequent Ufc they make of it, contri- 

iitc much without doubt to this great Niccnefs, 

irhich Mankind are not endued with. But Nature has 

Pimdc us amends by the Touch, which Senfc we 

enjoy in much greater Perfection. This of all our 

B 4 Scnfes 
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Senfes is that, which we make moft Ufe of, ezcepe 
our Sightt in our Examination of the feveral Objcds 
that prefent themfclves to us. But Animals, which 
touch but very rarely by way of Examination, try 
with their Nofe whatever their Eyes prefent to them 
as engaging. For, as they are almoft wholly employed 
in the Care of procuring their Suftenance, and as 
there is much Affinity between the Smell and the 
Tafte, it was pro{)er they (hould fmell rather than 
handle their Food. 

E X P E R I M EN T IV. 

Preparation. 

At the Bottom of agrcat Veffcl of Chryftal-GIafs, 
diluted the Quantity of a Grain of Carmine, and the 
Vcflel is filled with clear Water, which holds about 
ten Paris Pints •. This is rcprefented by Fig. 5. 

Effects. 

The Colour of the Carmine is expanded in fuch a 
Manner, as that the whole Quantity of Water ap. 
pears to be fenfibly tinged with it. 

ExPLANATiOJJS. 

Carmine is a Drug, or a Sort of very fine Lee, 
which is extraftcd by Infufion from Cochineal, and 
fome Vegetable Subftances. The Parts, which have 
4drcady been divided by the Preparation that has been 

^ The Pofis Fiat contitins two ^oundi oi common iwater. 
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made of them, yield very eafily to the Aftion of the 
Water, which penetrates and expands them. Info* 
much that they diftributc themfcivcs proportionally 
to the whole Mafs of the Fluid. 

To conceive eafily how much the Matter is divided 
in this laft Experiment^ it is enough to know the 
Ratio of the Weight of one Grain to that of ten 
Pounds, which is as Unity to 92160. But a Quan* 
tity of Water weighing a Grain, makes a very kn^ 
fible Bulk, which muft contain many Particles of the 
Carmine, in order to be of an uniform Colour. If 
wc fhould fuppofe it to have but 10, the Produft 
abovt muft be further mukiplyed by 10, which will 
make 921600 fenfible Parts in one Particle, which 
was very inconfidcrablc before it was expanded ia 
the Water. 



h 



Applications. 



*Tis by the Particles of Matter thus divided and 
expanded in certain Liquids, that Painters and Dyers 
(lain the Surfaces of Bodies, with certain Colours 
which they can't procure naturally. Thofc which are 
painted, are always hid under the Covering kid over 
them, and are not vifihle of themfelves, but by the 
Layers with which the Pencil has cloathed them. 
But it is not fo with fuch as are dyed or tinged. 
They arc commonly prepared in a Bath, which by 
the Heat and by the Action of certain Salts, dilates 
the Pores, and digs an infinite Number of little 
Ceils, fit 10 receive afterwards the colouring Particles, 

•Til 
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*Tis chiefly this PrcpaiatJOA, which makes the Dyes 
duiabic, and hinders the Things, which arc dyed, 
from lofing their Colours when they are wi0icd. 
Yet it ii not always the colouring Particles that tinge 
the Siirfacci -, for we fliall (hew, when we conae to 
treat of Light, that the Change of Colour, often 
depends upon a new Arrangement, which is aflTumed 
by the Parts of the Surfaces themfclvcs i as when 
(for Eaumplc) Aqua For its changes blue Paper into 
led ) pr that hot Water makes a LoUter of a red 
Colour, 

BiST D ES the Experiments we have now produced, 
to prove the great Divifibility of Bodies j the Arts 
afford us ingenious Procefies, which demonftrace it 
in a very evident Manner. We cannot obferve the 
immcnfc Duftility of Gold and Silver, without much 
Surprize, The Artificers who by beating and drawing 
thcfe Metals, give them fuch a Degree of Extenfion, 
have long attraftcd the Obfcrvation of Philofophers, 
Mr B(yU ♦ is one of the firft who has made this Re* 
mark, that the Quantity of a Grain of Gold beaten 
into Leaves, can cover a Surface of 50 Inches fquarc. 
This Obfcrvation gives us an Opportunity to learn, 
by a very fimple Calculation, what an amazing 
Number of vifible Parts, arc in this fmall Quantity 
of MctaL The Length of an Inch contains at leaft 
aoo vifible Parts; for on Mathematical Inftruments 
we often find it divided into 100 Parts, and an atten- 
tive Spcftator may eaCly take account of the two 
Halves of every one. Admitting then this SuppoC- 
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rion, which is a very rcafoqableonci a Leaf of Gold 
of an Inch fquare may be divided into 200 narroir 
Columns, and every G)Iumn into 200 fmall Squares. 
So that the whole Leaf thus divided wiU give 400Q0 
Parts, which is the Produft of 200 by 200. 

But in a Grain of beaten Gold we find 50 little 
LeaTet equal to that we have now divided. There* 
fore multiplying 40000 by 50, the Produd twa 
Millions, will be the Number of Parts, which we may 
count with our Eyes, in a Portion of Matter, whole 
Weight ii but the 72iPart of a Drachm. This 
Number, prodigious as it is, may ftill be incroJed 
to as much more, when we confider, that every one 
of thefe Particles of Gold may be feen and toucbedg 
at leaft as to it's two Surfaces, or by two oppoficc 
Planes, of which the Dimenflons are equal. 

Wh a t we are taught by Leaves of Gold and Sil* 
ver, concerning the Duftility of thefc two Mecals^ 
and the furprifing Divifibility of their Parts, is yet 
far inferior to what we may obferve from thofeWork* 
men, who prepare the Silver Thread gilt with Gold^ 
which is made Ufe of in the making of Garniture, 
Lace, Embroidery, £jfr. This Art, which ordinary 
Men make only a Subjed of Trade, or feek only 
Suppli^ of Luxury from it, prcfents to the Eyes of a 
Philofopher a Scene of Prodigies, which have not 
efcaped the Curiofity of Mr Bcyle^ Father Merfennus^ 
RobauU^ and many other Naturalifts, at a Time 
when ic had not arrived at that State of PerfeAiont 
which it has ftnce attained. M. de Reaumur ^, who 
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has examined ic with that Nicety, for which he U re- 
markable, gives us the bed account of it's Beauties, 
and has difcovercd what is truly wonderful in it. 
And therefore I ftiall borrow from him, the following 
Obfcrvation on the wonderful Extenfion, of which 
Gold is fufcepiible, when reduced to Threads. 

With a Quantity of Leaf-Gold, which ncvcrex- 
tecds the Weight of fix Ounces, and which fomctimes 
is dimini/hed almoft to one, they cover a Cylinder of 
Silver, of about 22 Inches long, 15 Lines in Dia- 
meter, and of the Weight of 45 French Mara *, 
They make this gilt Roller, to pafs fucccfllvely thro* 
Holes in a Plate of Steel, which proceed continually 
dccreafing j fo that as it grows longer by the Lofs of 
|it*s Diameter, it at laft becomes as fine as a Hair, 
I and of a Length which is nearly equal to 97 Leagues, 
each of 2000 Fathoms. 

During this Operation, the Gold fpreads itfclf 

upon the Silver- Thread, in Proportion as it lengthens: 

jSo that we may confider it as a Covering, or a Scab- 

jfcard, the Parts of which fufFer no fcnfibic Interrup- 

[tton. This gilt Thread, which they call Wirc^ 

paffes afterwards between two Rollers of polifhcd 

Steel, which fquceze it into the Form of a thin Plaec, 

with which they cover a Thrcmd of Silk, for the Ufe 

of fevera! other Manufaftures. In the Operation of 

[the Rollers, th« Wire is farther lengthened by a fe- 

rcnrh Pkrt ; fo that inftcad of 97 Leagues, which we 

^fcave before reckoned for it's Length, we fliould now 

teokonii]. 

? A Frmb Matk 11 etgbt Oiuictt* 
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SupposiKO then the Thread to be fuch as 13 
gilded in the flightcft Manner v here is an Ounce of 
Gold^ which ought to be confidered under theForni 
of two fmall Plates* the length of each of which 
is III Leagues, or which together are equal to 222 
Leagues. But if we farther confider, that the Wirc^ 
in flattening under the Rollers^ takes the Breadth of 
about an eight Part of a Line, and confequently the 
iwo litde Plates of Gold, that cover the Silver on each 
Side I we may ftill divide rheir Breadth into two 
Parts i (for a Line is very eaflly divifible into 16 
fcnfible Portions) thus inftead of two Plates we may 
count four, which will be equal in Length to 444 
Leagues. In fuch an Extent as this, how many Fa- 
thoms, Feet, Inches, Lines mud there be I And if 
we only divide each Line into 10 Parts, what a Series 
of Cyphers muft we make Ufc of, to exprcfs the 
Number of vifible Parts in one Ounce of Gold, thus 
extended by Wire-drawing ? The Imagination is too 
weak for fuch Numbers ^ but to give fome Idea of 
diem, it will be fufficicnt to compare the Surfece of 
our Ounce of Gold reduced to Thread, to that of aa 
equal Quantity of the fame Metal in Leaves, The 
firft is to the fecond in the Proportion of 23 80 to 146, 
But alfo the Thicknefs of the Leaves, little as it is^ is 
always much more conftderable, than that of the 
Layer of Gold, which is upon the Thread. The one 
ts hardly leffened to the thirty thoufandth Part of a 
Line 1 but the other is often carried to a Degree of 
Thinncfs, which exceeds the five-hundrcd-twenty- 
five-thoufandth Part of a Lint. 
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Ik thus Wire-drawing Metals, Art imitates Na* 
cure very cxaftly, as to the Procefe of it. Before SiJk 
-is made into Thread for our Ufe, it has already been 
made into Thread by the Infefts which fupply us 
vith it. The Caterpillar, which we commonly call 
a Silk -Worm, has a natural Wire-drawing Inftru- 
menc, through which it moulds this valuable Thread, 
^ which it makes it*s Cod or Shell Some Pcrfons* 
that were curious^ and inquifitive into the Miracles 
of Nature, have examined the extrcam Fincnefeof 
this Subftance, and have meafurcd 300 Ells of it^ 
lyhich did not exceed the Weight of 2 1 Grains. And 
yixdi Reaumur^ carrying his Obfcrvations ftill farther, 
obfcrves that the Threads of Spiders, fuch as they arc 
when immediately produced, and before they are join* 
cd together to form their Webs j that thefe Thr^ds 
(I fay) in Rcfpcft of a Hair, are not fo big as a gilt 
Wire is, in Refpcft of the firft Cylinder, from which 
it was drawn : and that their Diameter hardly equals 
the Thicknefs of that thin Plate of Gold, that covers 
the Silver Thread. 

Thi Experiments and Obfervations now produced 
fufficiently evince, that all Bodies which fall under 
I the Cognizance of our Senfcs, are nothing clfe but 
Colleftions, formed by the Concurrence of many 
Icffcr Mafflbs, every one of which may ftill be divided 
[ -into Particles, which themfclves are alfo capable of Di- 
ivifion and Subdivifion. 

When in dividing a Subftance as feras we are 
-ibk, we find nothing but what is uniform in all the 

f Boyle, de lair^ fubtilitita Efluv, c. z. 
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Particles that compofc it j we givt it the Name of m 
Simple Body. Wc fuppofc that it's Parts arc all of 
the iamc Nature, and call them Jbomcgej^eous^ yet 
without being affured that they really are fo i but tUl 
ibme new DifcoTcry hereafter, (hall make tia judgp 
otbcrwife. 

On the contrary we call ihofe mixi Bodies, the 
Parts of which when feparatcd do not refemblc one 
another i as Plants, Animals» and many MineraUf 
in which their AnalyGs dtfcovers, that many Matters 
which are cffcntially different, and which we call 
beterogeneous^ concur to the Compoiition of one and 
the iame whole. 

Thi infenfible Particles, which conftitute a con- 
tinued Mafs, are often joined together in fuch a man- 
ner, that it requires a confidcrable Force to feparate 
them. This Portion of Matter is called a hard or 
folidBodf. This Hardnefs, which properly fpeaking 
is only a greater or leffcr Tenacity of the Parts, and 
which is never abfoluccly pcrfeft in any of the Bodies 
that we know, becaufe it always yields to a Force 
that is finite : This Hardnefs (I fay) decreafes even 
down to Fluidity \ that is to fay, till the natural Co- 
hcfion of the Parts is hardly fufficieat to hinder them 
from complying freely with their own Gravity, when 
it urges them to move one upon another, and to 
change the Figure of the whole. Laftly Fluidity, 
which begins when the Bodies ceafc to be confidered 
as Solid, increafes even to Liquidity, which alfo has 
it*s Degrees. We call thofe liquid Bodies, or Liqucrs^ 
which are in fuch a State, that their Parts having a 

free Motion otie upon another, comply with the 
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Efforts of their Gravity with a mutual Indcpendanc^^ 
or yield to the Icaft Force that endeavours to feparate 
them. Their moft diftinguiftiing Charaftcrs arc, to 
have no other Figures but what we make them aflame 
by the Veflcls that contain them \ and to range their 
higheft Surface, in a Plain parallel to the Horizon. 
Running Water, for Example, is a Liquor, Smoke 
that rifcs in the Air, and which continually changes 
it's Form, is a Fluid, And a Scone which is cut 
with the Strokes of a Hammer, is a folid Body* 

Wi nbw content ourfelves with defining thefe dif- 
ferent States of natural Bodies ; bccaufe we fhall have 
Opportunity elfewherej to fpeak of them more at 
large, when we come to enquire into their Caufes. 
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SECTION IL 



Of the FIGURE of BODIES. 



L L Bodies have a determinate Magnitude; 
not only thofc whole Dimenfions are the Ob- 
jcfts of our Senfcs, but alfo the Parts of thcfe fame 
BodieSt to whatever Degree of Subtilty they may be 
carried by Divifion^ and under whatever Order they 
arc confidcred. Littlenefs is no ablblute Quality ; 
nothing is littJe but by a Comparifon with fomething 
that IS greater -, and tho* we fhould conceive the Icall 
of all material Beings, yet it would ftill be greater 
than cither of it's two Halves. 

Tm e Magnitude, or (which is the fime thing) the 
greater or leflcr Extenfion of a Body, is always limit- 
ed by the Surfaces which comprehend the Quantity 
of Mattt!r proper to it. This Quantity of Matter is 
called ir*s Mafs, And the uninterrupted Surface, be 
. •it more or lefs, which limits the apparent Magnitude, 
iscailcd \i*% Volume. 

The Order of Arrangement, which the Surfaces 

obtain among one another, which terminate the Vo- 

< Itime of the Body, is what is called it's Figun. As 
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diefe Surfaces can never coincide, and are always 
diftinguifhed by their relative Situation, it is plain, 
chat to be figured^ is a Property as common to all 
Bodies, as it is to be folidly extended, or to hai 
feverat Parts that arc really diftinft* 

Bu T thefc Surfaces may be varied ad infinitum^ 
cither as to their Magnitude, or their Number, or 
their relative Arrangement. Wherefore all Material] 
Subftances, to which it eflTentialJy belongs to have! 
fome Figure in general, rauft receive this or that in 
particular* And they are as variable, and perhaps | 
as much varied one among another, as it is poffiblc 
to combine together, the fcveral Magnitudes, Num-^ 
bcr, and Order of Surfaces. 

This Property, which may be called FigurMlit} 
is extended to all Bodies in fo general a Maanerg 
that it accompanies them in all their States or Con-^ 
ditions : It belongs to thofc which are in Motion, as 
well as to fuch as are at Reft. It docs not be- 
long to Solids only, but Fluids and Liquors have alfo 
their Figure, which depends upon the Obftacles 
that confine them. The Sea, Ponds, Rivers arc 
figured by their Coafts, Banks, and Shores. Wine 
receives it*s Figure from the Veffel that contains it; 
Flame and Smoke from the Air that furroundj 
it, &?r. 

When at the firft Glance of the Eye, two Bodies 

appear to be terminated alike, we fay they refembk 

^each other in Figure. Thus the Dice of a pair of 

Tables we call Cubes, becaufe at firft View, each af 

them prefents fix equal Faces to us % and we (ay two 
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SoMiers arc alike^ if they are cloathcd with the fame 
Uniform. But this firft Refemblancc has very nar- 
IDW Limits. It only extends to certain general 
Charaflcrs, which will hardly ftand the firft View* 
A more critical Exattiination foon difcovers an in* 
finite Number of Differences, even in Individuals of 
the laft Species. So that we may fay with good 
Reafon, that in atl Nature, it is probable there arc 
Dot two Beings that are perfcftly alike \ efpccially if 
to the Variety of Figure, wc join thofe of Colour 
and Volume. When we caft our Eyes upon a Flock of 
Sbeepi they all feem to refemble one another} b^ 
caufc we ftop at the firft Appearances j bdt the 
Shepherd cafily diftinguifties them from one another^ 
becaufcCuftom has made him perceive Varieties. la 
an Affembly of People wc do not find two Faces 
alike, and among ten thoufand, we can diftinguifh 
the Countenance of a Perfon we feek for, by a Ha- 
bit we have acquired of knowing Men, and learning 
not to confound them. 

This prodigious Variety of Figures, multiplied 
without End, to thofe who obfcrve with Attention, 
does it belong to none but the greater Bodies, that 
is, to thofe we can fee and couch without being afTifted 
by Art ? Or rather does it not belong equally to the 
Particles of thefe Bodies alfo? Does it not extend to 
foch as efcape our Sight, and which we know by 
Dthcr Senfes j which are not perceived but when many 
of them are together, and which Prejudice fcems to 
tnfimacc to us, that they have no Figure at all, be- 
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caufe commonly we are ignorant of their true 
gure? 

' This Queftion is anfwcrcd already by the \ 
Definition we have given of Figure in gene 
For if it be nothing elfe but an Afiemblage of i 
facesy which terminate a certain Portion of Mati 
it is plain that a Body, how little foever it may 
will always be terminated by Surfaces, and coi 
quently will be endued with a Figure. 

Though Experiment cannot confirm this I 
foning in it's full Extent, and (hew us Figure t\ 
where, we have Reafon to think it is ; yet it 
ihew us fome that have been long unknown, 
which Art has found means to difcover fince. > 
we (hall be taught by curious Examples, not to i 
gine there can be any Bodies deprived of Figure \ 
caufe they are not fubjeffc to our Senfes. 



EXPERIMENT L 

Pre FAR ATI ON. 

Having placed the Microfcope, reprefented 
Fig. 6. at the Light of a Window, or, if it is Ni| 
before the Light of a Candle ; fo that the Mir 
below the Plate by it's Reflexion may iUumiott 
Hole^ upon which the Obje£t-Glafs falls ; we f 
make the firft Glafs that carries the ObjedU to 
|dong, upon which are put fipme Grains of Sand, 
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then make the Body of theMicrofcope to defccnd, till 
wc meet with the ncccflary Point of View. 



EFFECT'S. 



Having placed the Eye above and very near to 
the 6rft Eyc-Glafs, we may perceive the Grains of 
Sand to be tranfparent as Chryftals, of the bigncfe of 
a Nutmeg, angular, and varioufly cut» Fig. 7, 



Explanations. 



H We (hall explain nothing here of thofc Effcfts, 
which direftly concern Opticks; becaufc wc fliall 
treat of that clfcwhere. We Ihall confine ourfclvcs 
to thofc only, which have Relation to the Figure 
of the Bodies, of which alone the Quedion is at 
prefent 
H When we fix our Eye upon a Grain of common 
\ Sand, it appears as a Point j becaufe we fee it*s Di- 
menfions confufedly. But with the help of a Micro- 
fcopc the Objeft appears greater. Then we plainly di- 
ftinguifli Lines, Angles, Cavities, Arches, Surfacesi 
in a Word, a Figure well terminated, of which wc 
cafily perceive tho Differences when we compare it to 



any other. 
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Applications. 



Grains of Sand ought to be cenfidcred as fo 
many fmall and very hard Chryflals, prepared by 
C 3 Nature^ 
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Kature, and which Art applies with gdod Advanta|p 
to different Ufes. Becaufe they are foiall and a^go- 
Ur, they are commodioufly applied to the rubbing or 
cleaning Metals, or ^ny other dill harder Bodies, 
upon which the Fife or a Steel Edge can take no 
hold. They are made wet op fuch Occ^fions to cn- 
qxafe their Motion, and to hinder them, in don^ 
dnually rubbing one another, from loQng their little 
cutting Angles, and thereby the Property they liave, 
of cutting or wearing away the nioft folid Sub- 
ftances. 

The Tranfparency of White Sand makes it fit for 
other Ufes. 'Tis the Bafis of all Kinds of Glafs- 
i|rprk. The Mixture of fome Salts, and the Aftion 
of a very violent Fire which divides it, and which 
purges it from it^s Drofs, puts it's Parts in a Capacity 
of joining together, and of forming a Paftc, which 
is fufceptible of all forts of Forms. WHen it cool^ 
it aflumes a Confidence, y? f without ccafing to he 
tranfparent. 

EXPERIMENT II. 



Prepai^ation. 

Le t the fecond Glafs of the Objeft-Bearer he 
made to pais under the Eye- Glafs, on which arc put 
fome Drops of fal ted Water, which has been fu£fere4 
t6' bccotne dry. 
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Effects. 

Tn applying the Eye to the Microfcopc, we roay 
perceive little Lumps which appear under like Fi- 
gures, as when the Preparation has been made with 
the fame Salt, For Example^ if wc ufe Sea-Salt; 
or that which is commonly fcrved up at Tables, the 
Object through the Microfcopc will refemble little 
Cubes, Fig. 8. 



Explanations. 



f The Parts of this Salt, which have been divided 
by the Water, and which it held in Solution, have 
fixed themfelvcs upon the Glafs of the Objeft-bearcr, 
while the liquid Part evaporated. Before this Eva- 
poration of the Water, the AlTiftance of the Micro- 
fcope, was of no Ufe to make them vifible; becaufe 
then they were too much divided, and too minute to 
be perceived. But as the Liquor forfakes them, they 
come nearer to one another, and form Lumps of a 
greater Volume. And even the' they were to remain 
as fmall as they were in the Water, we flull flicw 
clfewhere, that in equal Magnitudes, tranfparent Bo- 
dies may be better feen when furrounded by Air, 
than by any other Liquid, that has more Matter. 

Every Salt, when cryftallized, generally afFefts 
a Figure, which is proper to itfclf, and which pro- 
bably depends on the Figure belonging to ii*s fmal- 
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left Parts. Sea Salt, for Example, forms Cubes ; 

Salt-Pctrc, Needles ; Sugar, Globules, 6fr. Fig. 9, 10. 

Application, 

i Thk Uniformity of Figure in the little Lamps, 
is not a Quality peculiar to Salts. We meet with 
many other Examples of it, efpecially in the Mineral- 
Kind, Rock- Cry ftal, and the greateft Part of 
tranfparent Stones, often appear in little what they 
do in great, under the Form of a Prifm, or of an 
Hexagonal Pyramid. But we muft not conclude from 
a particular Cafe to a general, that the infenfiblc Parts 
of all Bodies are fo many little Models of thofe, 
which are in a greater Volume. 

Because of the cxtream Divifiblity of Salt, and 
the angular and pointed Figure of it's Parts, iteafily 
infinuates Itfclf into the Pores of all Anim**l, Vege- 
table, Solid, or Liquid Bodies; and for this Reafon 
it is ufed with Succefs in order to prtferve them. 
For, Corruption being nothing elfe but a D. (location 
of the Parts, which changes the Condition of the little 
Lumps in mixt Bodies -, whatever can keep thefe 
Parts in the Order they have received from Nature, 
. will of neceflity prevent, that the little Compounds, 
which refult from theirA(remblage,fhould be altered. 
And, on the contrary, whatever (hall promote the inr 
ternal Motion of thofe leaft Parts, will be the Occa«- 
fion of Corruption. But the faline Particles, as fo 
inany little Wedges, fill up the little Vacancies^ 
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ftrengthcn and fupport the Solid Particles, flop the 
Progrefs of Evaporation^ and prefer vc at Icaft for 
fome time the natural State. By this Means it is, 
that the Flefli of Animals, when falccd, remains for 
a long time fit for Ufc i and that Fruits, prefcrvcd 
with Sugar, will keep for many Years, 

This prodigious Variety of Figures^ which may 
be obferved in all inanimate Bodies, and in the little 
Maflcs that compofe them, is not Icfs numerous nor 
left woiiderful in Animals themfelves. The fame 
Inftrument, which has flicwn us the Angles and 
Points of faline Particles, difcovers alfo to us a new 
World of little living Creatures; of little Infcfts, 
which we fhould hardly ever have forpcded to cxift ^ 
of which certainly we Ihould never have gueffed at the 
Torms ; and which yet we fhould b« curious to know. 
Wherefore I fhall add the following Experiment, to 
fhew complcatfy, how much Nature has varied the 
Figure of Bodies of all Kinds. 



EXPERIMENT IH. 



Preparation. 



WM Lb t the third Glafs of the Objeft-Bearer be made 
to pafs under the Objeft-Glafs of the Microfcope, 
upon which with the Point of a Tooth- Picker is put 
a littleDrop of one of the Liquors, of which we ihall 
here give the Preparation. 

I. In 
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i« Itr a Vcflel with a pretty large Mouth, kea 
little chopt Hay be put to foak v or fome Straw, or 
Flowers of diflferent Sorts, and Parts of any Plants 
whatfocvcr. Let it be cxpofcd for about a Week to 
the free Air, but in the Shade in hot Weather. But 
if it is not convenient to ftay lb long. Water may be 
taken out of Places where there is green Mofs. or any 
other aquatick Plants. 

«. Expose fome common Vinegar in a GUIs 
Phial, which muft be kept open* 

g. Keep fome Oyfter-Liquor for three or four 
Days in a Drinking-Glafs, or in any fuch like Vcflcl. 



Effects. 

In the firft Liquor we may perceive an infinite 
Number of little Animals, which fecm to be of dif- 
ferent Species, either as to their Figures, or to their 
manner of moving, which is in great Variety. Some 
of them, which are like to httle Balls {a^ Fig. ii.} 
dart out in a Right' Line, and always make Angles 
well expreffcd, when they change their Diredlion. 
Others, (as d) which are longer, and of an oval Form, 
do nothing but whirl about. Many of them plainly 
fliew their Paws, often a cloven Tail, and other Parts, 
Others, (as r) arecompofcd of Kings, and move after 
the Manner of Earth -Worms, or like Leeches, In 
others we may pcr^ive the principal Organs, and the 
Circulation of the Juices. And, if we do but obfcrv^ 
with a little Attention^ we Ihall foon difcover ctco 
the final Caufe of thefe Motions. For we fee fome 
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cf them devour others \ and it is eafy to perceive, ibac 
fomc more to take their Prey, and others to avoid 
being taken. 

Fig, 12. In the Vinpgar, which has been C3q)ol€d 
to the Air for fonie Days in mild Weather, wc may 
fee very lively Infctfts, whofc Shape nearly refemhlcs 
ftnall Eefs. It very feldom happens that wc Ihall 
find them mingled with Animals, that can be judged 
to be of another Species. 

Fig. 13. The Oyfter -Water contains an infinite 
Number of little Animals* which are like one another 
in Figure, and in their Manner of moving. The 
Itttk Drop, in which they float, feems like aBafon, 
in which we may obfcrvc a prodigious Swarm of 
Carps without Fins or Tails j and fo tranfparent in 
their Bodies, that we may eaftly perceive their inwar4 
Parts. 

Explanations. 



Nature has varied the Figure of the fmalleft 
Animals as much, or perhaps more, than that of 
great ones* But in thofe, as well as in thefc, fhe is 
always conftant and uniform in every Species. Thus 
Vinegar, when prepared as d ireded above, {hews us 
Eels, which differ only in Bigneis from common 
^^jtk. And Oyfter -Water generally contains fuch 
Animals only as we have fpoken of before. 

Yet the firft Liquor contains Animals, whicH 
have no Refemblance, either in Figure or in their 
iVfanoei: of moving. But this is no Rcaiba to con* 
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du^'that the Figure of thefe little Creatures, ts^ 
die refult of Chance, and that one and the fame- 
Species aflumes this or that indifferendy: This Li- 
quor IS an InfuGon of feveral Sorts of Plants, where- 
in difierent Animals may find their Food. And com- ' 
mon Water, which is the Bafis <rf it, is a Medhim, 
which may agree at the fame time with fuch Animals, 
is are &d with Herbs, and with others that are more 
voracious. The Pike lives in the fame Water, as* 
the Carp ; tho* they feed very differendy. And the 
Hfftory of Infeds fupplies us with a Number of Ex- 
amples, which more diredly confirm thisSuppbfi- 
tion. **Tis not the fame with the Vinegar, or the 
Water of Oyfters. It is likely that thefe two Li- 
quors, agree but with a few Species of thefe litde 
Animals ; and the Medium they inhabit, may pro-' 
bably ftcure them from being purfuccj by others. I. 
have many times endeavoured to bring together the 
Infedls of frefh Water, with thofe of Vinegar or 
Oyftcr -Water -, but the firft have always died im- 
mediately. 

Application. 

* Fob a long time Infefts were confidered only as 
the Offspring of Corruption, and of the Rottennefs 
of other Bodies. The Ancients were fo ignorant of 
their Original, as to prefume, by obferving certain* 
Ways of Procedure, to attempt their Produ6Hon i>y 
Art ; and for this Purpofe they have even ventured to 
give Receipts, What popular Prejudice had intro- 
' ' duccd. 
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duccd, che Philofophers endeavoured to coniirxT)) and 
to find a Rciilun for it. The prophane SyftcmSt 

I founded upon this Opinion, have not been without 
Farrons evtn in thclc our Days. But can the belt- 
contrived Hypothefis keep it's ground againft Fail^s, 
in which Ignorance is hardly to be cxculcd ? There- 
fore Our modern Naturalifts, who are better in- 
formed in the Hiflory of Iiifccls than they were 
heretofore, have aOigned them a more worthy and 
truer Original. They have made it evident by Ob* 
fcrvations of undoubted Credibility, that thcGenera* 
tion of thefe fmall Animals is as uniform, and ais little 
equivocal in all their Species, as that of Lions, 
Horfes, &€. They have anfwered by decifive Ex- 
periments, all the fpecious Appearances, on which 
(hac exploded Opinion was founded. We find 
Worms and Maggots in corrupted Matter ; Can it 
then, faid they, be doubted, that thefc Animals are 
the real offspring of that Corruption ? As if we might 
conclude, that a dead Horfc engendered Crows j be* 
caufe it often happens, that thefc voracious Birds fiock 
together about it. Or that a Pad u re produces Sheep ; 
becaufe we fee them feed there. We might bcqr 
with fuch Suppofitions, in thofe that did not know 
that Birds build Nefts to propagate their Kindi and 
that a Lamb is always produced by a Sheep. If pofr 
fibk, we excufe thofe, who at firft were deceived by 
fuch Appearances ^ becaufe then they might not have 
the Means of knowing the true Generation of ihcfc 
litdc Animals, fo different from others by their Size 
md Figures ; But now that it is well known hov 
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thofc arc produced, whicK are vifible enough ra bf 
obfenred ; it is no longer permitted us to imagine, that 
Nature, which is fo confiftent with herfelf in larger 
Produftions, takes any other Methods to multiply 
tfiofe^ which their cxtream Minotcne6 will hardly 
ftifier Qs to perceive with t Microfcope ; or that £he 
leaves to Chance, the Care of bringing them into the 
World, 

Wt muft therefore by no means imagine^ that the 
little Eels we faw in the Vinegar, as well as the little 
Animals we obferved in the Infufions of the Plants^ 
arc putrificd Parts of thefe Vegetables, which arc 
converted into animated Bodies. Experience informs 
us, that if we keep the Vcflels cloft: (lopped, nothing 
will be produced there. But we ought to concludei 
that when they are open, the Females carriied about 
by the Air, come thither to depolit their Eggs or 
Spawn, as in a place, which may promote their 
hatching, fupply them with Food, and make them 
grow. This Conjeflure (if it be no more) may be 
ftrongly fupported by Examples. How many Kinds 
of Flics do we fee, that lay their Eggs in corrup 
Waters, where the Spawn, after it is batched, is 
and grows up y and at the dated Time of it^s Meta- 
morphofis, it rifes up into the Air, takes Wings an<^ 
a new Shape, and becomes like to it*s Dam f fl 

HowivER engaging this Subjed may be, I muft 
not porfue it any farther. If the curious Reader 
would be more amply inftrudbed in it, he may coi 
fult M, de Reaumur*^ Hiftory of Infeas. There 
may contraa a largpr Acquaintance with this nc 
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coplc : To fee them by the Eyes of fo judicious an 
bfcnrcr, ts to fee them well indeed. It is enough 
br me to oblerve» that if we defire to attain a tho* 
roi^ Knowledge of that prodigious Variety of Fi» 
g^mres, by which Nature has variegated the fmalleft 
>r]^nical Bodies j there are no Kinds, which will 
more gratify our Curiofity, than thofc of Infefts, in 
whom we may equally admire, both the Differences, 
dw diftinguifli the feveral Species, and the Unifor- 
nnty, which prerails through the whole. 
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SECTION IIL 
Of the SOLIDirr of BODIES. 

TH E Solidity of a Body Is nothing elfe but the 
Quantity of Mittter, which is joined together 
under it's Volume. I fay, which is joined together. 
For, if it happens that a foreign Matter fhould paft 
freely through a Body, and (hould there exerclfc it*s 
Motions independently j as the Water of a River, 
which wafhes internally a heap of Stones, which it 
meets with in it's Channel ; this Matter would con- 
tribute nothing to the Solidity here intended. But^ 
on the contrary, it would increafe it, if it ftiould be 
found fixed under the fame Volume ; as if, for Ex- 
ample, the running Water, which we have brought, 
fliould become Ice at the Moment that it is found 
among the Heap of Stones* A Bafket full of Holcs^ 
and plunged into a Fluid, has only it's own Solidity, 
If it be a Piece of Wood, it becomes more folid by 
the whole Quantity of Water which penetrates into 
it, and unites itfclf to it's Mafs* 
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To be folid is 3 Proper 
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common, 

even cflcntia!, to all Bodies \ whether they are con* 
ftdcred in the whole^ or whether wc have Regard to 
their fimpleft Parts only. This tsalfo the leaft equi- 
vocal Sign of their Exlftcnce. Optical Illufions may 
fomctimci fa far impofc upon our Eyes, that we may 
be tempted to take Phatitoms for Realities- But by 
the Touch wc are aflured of the Truth » from the 
intimate Pcrfaafion we have entertained, that what- 
ever is Body is folid, and by Confequence is capable of 
RcfifVancc \ and that we cannot put our Finger or 
any thing elfc in a Place, which is already occupied 
by any other Matter; except wc make Ufc of fo much 
Force, as is able to remove it, 

A1.1- Refinance therefore declares a real Solidity, 
greater or leffer. This is a Truth fo little contefted, 
that I think it can need no other Proof than the Habit 
wc have got, of confounding the two Ideas ; tho* 
if we would fpeak juftly, one reprcfents the Caufc^ 
and the other the Efftft. But Cafes may be pro- 
pofed, 10 which each of them, Solidity and Refift- 
ancc, may efcape our Senfes, or at leaft our Atten- 
tion. There are certain Bodies thac touch us incef- 
landy, that touch us every where equally, Cuftom 
has made their Contaft fo familiar to us, that we 
muft rcflrft upon it, before wc are fcnfible of the 
dftual Imprcffion they make upon us* When a Pcr- 
fon IS furrounded by a calm and ferene Air, there arc 
few that confidcr they have a continual Refiftancc to 
overcome, from a Body, the Solidity of which op- 
pofcs all their Motions* If wc were to go out of the 
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Atmofphcre, and return into it again, wc fhould 
then perceive without any Reflexion, that the Air 
touches us on all Sides ; as wc fliould feel that the 
Water touches us, when wc plunge ourfclves into it. 

Moreover that which nwkes the Solidity of 
Fluids to cfcape our Attention^ i$« the Independen- 
cy of their Parts on one another, and their extreme 
Minutcnefs, which exceeds the Nicenefs of our Sen- 
fes. So that they yield to our leaft Efforts, cfpcciaUy 
when they are in no large Quantity* And we hardly 
think we aft at all, when wc aft but faintly* 

Since Fluids are the only Bodies, whofe Solidity 
acquires any Proof*, and fince their great Read inefs, 
with which they yield to any Impreflion, might give 
Occafion to fuch, as do not attend clofcly to things, 
to fufpeft that this Kind of Bodies are not capable of 
ReCftance ; they (hall have the Preference in rhofe 
Experiments, we appeal to as Proofs : and as the 
Air is the leaft folid of all thofc that can be fhut 
up in a clofc Veffel, let the Experiment be nude 
upon it; that when it's Solidity is fully eftablifhed 
upon Fafts, we may conclude a fortiori tht fiimc 
thing of all odier Bodies. 



EXPERIMENT L 
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Pkeparatiom. 

Into aVeflTel of Cryftal-Gbls, reprcfcnted by 
Fig. 14. are poured five or fix Pints* of feir Water, 

* llif Author uitendi th% Fant-Plntf mhi^h CQQttiot two 
Poundi of hit Wttt r, * - * 
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ftnd a little Piece of Cork A is put to float on the 
Surface. Then the Vcffcl B is made to fink into it 

I perpendicularly, fo that the Air, which it contains 

Binay not cfcape [at the Mouth A], 

■ Th e Part of the Surface of the Water, which 
anfwers to the Mouch of the Vcffcl B, finks in Pro- 
portion as the Veffel defcends. The little Piece of 
Cork, which floais upon it makes this finking fen* 

ICblei and (hcwsi that no Water enters into the 
VeflTel B. 



ExPLANAT I ONS. 



Th I VeflTel B contains a Column of Air, which 
Ells it's whole Capacity, This Fluid Mafs, though 
confiding of but little Matter, is compofed neverthe* 
Icfs of Parts, that arc really folid, which cannot be 
difplaced by another Body, unlcfs a new Place is pro- 
vitJed for them, to which they may retire. As the 
Veffcl B is ttiut on all Sides, and as the Water, 
i^hich is at it*s opening, is heavier than the Air, this 
laft Fluid cannot leave the Place it is in. And as it's 
Parts arc folid, it performs the fame thing in refpeft 
of the Water it meets, as any other Body would do, 
^^ Parts of which are joined together. Thus the 
Suttacc of the Water finks as much as the Veffel con- 
taining the Air is made to dcfcend ; which becomes 
evident by the Piece of Cork floating thereon. 
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Tho* the Air of the Vcffcl Boppofes the Watcr^ 
which endeavours to enter therein, yet ic*s Refiftanoe 
is DOC fuch as to exclude it entirely. We fhail fee 
elfwhere, that a Mafs of Air is a flexible Body, and 
that it may be compreflcd into a lefler Volume when 
Violence is ufed. We (hall alfo fiiew, that a Body 
immerfed in a Fluid, is fo much the more fqueezed 
together, the deeper it is plunged. When thefetwo 
Principles are once admitted, they explain very (atif- 
faftorily why the Water rifes a little in the VcflTel B, 
notwithftanding the Refiftance of the Air. Which 
Effect would alfo happen, if inftcad of the Air, we 
(hould fubftitute any other flexible Matter, not ca* 
pable of mixing with the Water; which we Ihall 
prove when we come to treat of the Compreflibility 
of Bodies. But whatever (hould happen, and how 
deep foever we (hould fink theVeflfelB, the Water 
would never reduce the Volume of Air to nothing, 
or take PoflefTion of it's whole Place. When once 
the Violence exerted at the Bafe, have made the Par- 
ticles approach as near to one another as they can, no 
Force whatever, can comprefs them into a fmallcr 
Space. And this is enough to prove, that Fluids 
like all other Bodies, have an abfolute Solidity. 

Applications. 

Wi T H a little Reflexion we may learn from the 

foregoing Experiment, why we can never fill a Pot, 

or any fuch like Veflcl with'Water, by plunging it 
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with ifs OriScc downwards : Why a Funnel, the 
Pipe of which fills the Neck of a Bottle too much, is 
not convenient for pouring Liquor into it : And 
what obliges us to have recourfe to other Methods, 
to fill up Vcir^ls, that are open only by a very 
foiall Paffage, as the Perfuming- Pot in the third 
Experiment, Seif. L The Prejudice that Cuftom 
impofcs on us, by always living in Air, makes us 
look upon every thing as empty, which is filled only 
by this Fluids In this Confidence^ fo ill grounded, 
we arc apt to imagine, that a Liquor, need only 
offer itfelf any how to the Mouth of a Veflcl^ in 
order to run into it. But we ought to confidcr» that 
all fuch VcflTels are naturally filled with Air 5 as they 
would have been full of Water, >f they had been 
made at the Bottom of a Well, and always continued 
there. We fhould confider alfo, that as the Parts of 
the Air arc folid, we mud not expcft it will admit 
another Body in the fame Place ; and therefore in 
order to put Water, Wine, fife into a Bottle, the 
Air muft pafs between the Neck and the Funnel, to 
make way for the Liquor, Bar when the Neck :s 
fo narrow, that there is not room for a free Paflage 
at the fame time, for two Matters that run contrary 
Ways \ that is, for the Liquor to go in, and for the 
Air to go out ; it muft be brought about fucceffivcly, 
Tbia to introduce the Spirit of Lavender into the 
Perfuming- Pot before mentioned, we begin by 
heating it. And when the Aftion of the Fire has 
made a good Part of the Air to go out, which was 
contained in it, die Neck is plunged into the LiqwoJ*! 
D J which 
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which then takes the Place that the Air hd qoicted* 
In tbisEfied we here confidcr ooly die diffdacing of 
one Fkiid, which is to precede the lotrodnftion of 
another. When we come to G^hun the Propertki 
of the Air, we fhall then (hew, how a Veflel that is 
heated, loibagreatPart of dit Air it contains. 

We have faid akeady, why the Air awiot daipe 
oat of the Veflcl B, in the foregoing Eiperimeot. 
The lame Reafon holds good fix* it*s Continuance in 
the Diving-Bcll, where the Divers are lupplied with 
fufficient Air for Refpinition for fome time* But *d$ 
by a contrary Realbn, that we may oonveoientl]; 
draw the Liquor out of a Veflel that we (lave not.ii 
mind to remove, with a kind of Pipe fweUing at the 
Bottom, as is reprefcnted by Ftg. 15. For as thi« 
Inftrument is open at C, the Air efcapes at this Outlet, 
as faft as the Liquor <;omes in at D. And the next 
Experiment, will inform us how we may transfer ic 
when fyil, by ipaking Ufe of the Refiftance of th; 
external Air. 

EXPERIMENTS 

Preparation. 

Fig. 16. reprcfcnts a Kind of Fountain, the Pip© 
of which E F is open at each End. The Part E h 
raifed about two Lines above the Bottooi of th^ 
Bafon GH, which has a Hole at die Centre. The 
Rrfervoir I K, is filled with Water aboqt three quar^ 
tcrs fuij. 

ErfBCTQ 
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Effects. 

This Fountain runs atfeveral Intervals, through 
the littJe Pipes i» 2, 3, 4, as long as it is fupplicd 
with Water by the Refervoir. 



Explanations. 

Wh e n the Pipe E F is open, it gives a free Paflagc 
to the Air, which exerts it*s PreflTure within, upon 
the Surface of the Water I K. There arc then two 
Caufes, which concur to the running of the Waterj 
the Prcflurc of the internal Air, and the Weight of 
the Water. Of thcfe two Caufcs the firft is counter- 
balanced by the Refiftance of the external Air, which 
anfwcrs at the End of every one of the little Pipes 
If if Jt 4» 2i"d which oppofeis itfclf without to the 
Fall of the Water, with a Force equal to the Prefllire, 
which urges it within. The fccond Caufe, which is 
the Weight of the Water, ftill fubfifts entire, and is 
fufficicnr for the running of the Water Bat when 
the Pipe E F comes to be ftopt, the internal Air 
then oeafingto prefs, the Surface of the Water at I K, 
fuffers that without to aft freely, the Refiftancc of 
which, being too hard for the Weight of the Liquid, 
the running will ccafe. They make Ufe of the 
Water that runs away, and that very ingenioufly, to 
caufe IntermifTions. As it cannot go out of the 
Bafon GH, which receives it, but by the Hole at 
the Centre^ there will be enough at firft, and for 
fome Time after, to fink the Extremity E of the 
D 4 Pipe> 




56 LeSurei in JExpirimtntal Pbikfipby. 
Pipe \ and it will be opened again, and give Paflage 
to the Air, only when the Water is run away. 

Applications. 
Iktermittinc Springs arc found in many 
Places, or fuch where the running of the Water is pe- 
riodical. Thefc natural EfTcdts, which are to be met 
with very conlmonly in the Neighbourhood of 
Mountains, often depend on a Diverfity of Caufes, 
which afTift each other towards the fame End. But 
as the different Explications, which are given of 
them, are generally founded upon certain Properties 
of the Air, which we have not yet confidered, wc 
mud forbear to produce them till the Order wc have 
.|iropofcd in this Work, fliall require us to treat on 
this Fluid. We (hall only fuppofe here, what it 
has in common with all other Bodies, that it is ca- 
pable of refifting and ading upon other Matters. 
And we find Proofs of it, not only in the Experi- 
ments already related, but in many EfFe^s befides, 
which our nectflary Affairs will daily fct before our 
Ey^$. The Ncceffity of keeping open the Part 
of the Inflrument defcribcd above, Fig. 15, for 
fuffering the Water to enter therein at the Extre- 
mity D, will not let us be ignorant of the Refifl:- 
ance of the Air, which would remain inclofed. 
9*Jt if we would tranfport the Liquor we have 
: drawn up, 'tis by a lik^ Refift^nce made Ufe of 
without, by which it is to be- performed* For^ by 
(hutting with one's Finger the End of the Canal C, 
we give ropm tp the extenv4l A^r, tooppQfewith 
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Ji*s whole Force in D, the Fall of the inclofcd 
Liquid, Lamps and Ink-Glaflcs, the Refcrvoirx 
of which are inverted Bottles, as is reprefented 
F^. 17. arc more, (but fomcthing varied) Er- 
jimplcs of the fame Effefts. If one Qiould make 
the leaft opening in the upper Part L of the VcffcJ, 
rhc Liquor would then be found between two 
equal Powers. For, the Air, which would rc- 
fift in M, would be only in jEquiUbrh with that, 
which would prtfs at L, and the Oil or the Ink 
would freely comply with it's own Weight, which 
would not fuffcr it to remain fufpended above it's 
Level* But as long as the Refervoir is clofe at 
kTop, the Air, which oppofcs at M will have 
fufficient Force to fuftain the Liquon If a Bar- 
rel is full, tho* it may have a Hole at Bottom 
[lor a Faucet, yet it would deceive the Expeftation 
)f him that made it, if he fliould forget to give 
it Vent by a Plug- Hole at the Top. 'Tis likcwifc 
for the fame Realbn, that if a Bottle well corked 
has a Hole made fecretly at the Bottom, and U 
jivcn 10 any one to uncork •, it will much furpri^e 
lim to fee the Liquor run out fo faft. 
The Solidity of Bodies is alfo called Impeneira^ 
^ity^ But this Term ought to be explained, to 
prevent fome Objeftions drawn from certain Ex- 
periments, by which it appears, that fevcral Mat- 
ters mingled together blend their Magnitudes, and 
mutually penetrate one another. A Sponge, for 
Example^ receives within it a Quantity of Water, 

yihich fccms to lofe it's own Volume \ becaufe that» 

under 
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under which it is found inclofcd, 

of Penetration, docs not fcem v 

creafed. A Vcflcl full 

mits into i( a great Quantity of Liquor. And equ; 

Parts of Spirit of Wine and of Water, being mixt 

in the fame Veffcl, take up lefs Spate therein, 

than they rook up before the Mixture. Is Mati 



of Afhes or Sand, fttll ad^ 



tt^ 

ha^ 



therefore penetrable ? Or, if it is not. In wh 
Senfc is }t*s Impenetrability to be underftood ? 

For this we muft carefully diftinguifit between 
the apparent Magnitude of Bodies, and their real 
Solidity. Tht indivifible Parts, if there are any 
fuch, are abfolutely impenetrable. Even thofe of 
an inferior Order, which begin to be compounded, 
arc probabJy never penetrated by any Matter. In 
a word, in all Bodies whatever, there is a certain 
Quantity of Parts, which alone occupy the Places 
they ponTefs, and which neceffarily exclude all other 
Bodies from them. But thefc folid and impenetrable 
parts, which in reality are the true Matter of thefc 
Bodies, arc not lb joined together, but that they 
leave void Spaces between them, or which Sp; 
are full of fome other Matter, which has noCbi 
nexion with the reft, and which ^vcs Place 
whatever Attempts to exclude it. By admitti 
fhcfe little Interfticcs, the Exiftcnce of which we 
Ihall prove in the next Lefture, wc may cafily coi^H 
ceive, that the Impenetrability of Bodies, is onl^^ 
to be underftood of the folid Parts, which arc found 
joined together in the fame whole, and not of^^ 
Conrpound, which refults from them. 4^^| 
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LECTURES 

I N 

Experimental Philofophy. 

LECTURE U. 

Of the Porojity, Compreffibility, and Elaflicity 
of Bodiei. 

SECTION I. 

Of poRosirr. 

H E Porofity of Bodies is nothing elfc 
but the Vacuities, which arc found 
among their folid Parts, Now, by 
the Word VacuUy or Vacuum^ we 
ipould HOC be undertlood to mean a Space deprive 
of all Kind of Matter. There is no doobt but that 
the greaicft Part of thefe Interftices contains Fluids^ 
the pre&noe of which is ditcovered by a thoufand 
Proob. When I dip a Sponge, or a foft Stone into 
Watsr, I ib4U fee a great deal of Air come out, ai 

liur 
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far as the Water penetrates into it. And when 
make moift things dry, they bcfcomc lighter in Pro- 
portion, as they lofe by Evaporation what their Po^ 
rofity had admitted into them. Thcfc foreign Cor" 
pufcles filled only the greater Vacuities. The Mat- 
ter of Fire, that of Light, which wc fee pafs into 
Bodies, which are ittipenerrabk to Air, Water, ^f^H 
fuffcr us not to doubt but that there are Pores of an" 
other Order, which may be filled by tbefe Fluids, 
which are much lefs grofs than others. But when 
wc confider the proper Matter of a Body, *tis always 
by abftrafting from all thofe foreign Parts, which 
are governed by other Laws, and which do not par- 
take in it*s Afi^cftions. Wc have alfo Reafon to be- 
Icive, that after thcfc firft Vacuities, which, properly 
fpeaking, are not really fo, finoe they are full of other 
Matter-, that there are other fmaller ones, which 
arc fo in the literal Scnfc* The liberty that is ne- 
ceflary for Motion, fcems to require it. But if they 
truly exift in Nature, they are not capable of any 
Proof by Experiment. Therefore excepting onlj 
the fimple and primary Parts of Bodies, wc ftiall fii 
it as a general Propofition, that whatever is compoicd 
of material Parts is porous ; hard Bodies as well 
Liquids, thofc that arc organized as well as others 
And if there is any Difference among them, •tis only 
as to the Magnitude, the Number, the Figure, or 
Situation of the Pores. 
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EXPERIMENT I. 
Preparation. 



N 



Tut firft Figure reprefents an Air-Pump, on the 
Plate of which is fixe a Glafs-Tube N O, tcrtninatcd 
it ihd Top by a wooden V.eflel of Oak P, which hat 
been excavated according to the Grain of the Wood, 
of which the Thickncfs of the Bottom is about three 
Lines. Water is put into this Vcffel, and the Pump 
is made to work. 



Ef 



FECTS* 



After fome Stroaks of the Sucker, the Water 
contained in the wooden Vcflcl pafles through the 
Bottom, and fal!s in Drops into the Glafs Tube. 
The Wood dilates, and fometimesthe Vcffel cracks* 



Explanations, 

The Air-Pump is an Engine, the Ufe of which 

is to pufhp our the Air, which is contained in a 

Vcffci We (hall not here fay any thing of it's Coa- 

ftxuAion and various Ufcs *, becaufc this is foreign to 

our prefent Purpofe, and will naturally find a Place 

iQ the Leftures, which will treat of the Properties of 

the ALr. Ic is enough to fay here, that in making 

the Pump of this Machine to work, as in the fore- 

going Experiment, we may exhauft the Air» which 

ai contained in the Glafs Tube N O. 

A Piece 




^xpmmental Phihjbph^. 
A Piece of Wood confidcred according to it's 
Length, is a Collcdion or Bundle of fmall Fibres^ 
tndoded within the Bark, which ferves as a common 
Tegument. Wc may form an Idea of it, tho* in- 
deed a very grofs one, by reprefcnting to one's 
Mind a Bunch of Matches included in a Cafe. 
How fmal! foever thcfc ligneous Fibres may be, they 
bn never lie fo clofe to one another, but that they 
muft leave fomc Interfticcs, which will form fo 
many little Canals. By excavating the Vefiel in the 
former Experiment, the Length of thefc Canals was 
reduced to the Thickncfs of the Bottom, which is 
not above two or three Lin^* Therefore wc may 
conceive this Bottom as a Sieve, open by an infinite 
Number of little Holes, which pafs from one of the 
Surfaces to the other. Yet the Pores of the Oak are 
fo fmall, that the Water wherewith the Veflcl is 
filled, tho' affiftcd by it's own Weight, cannot find 
a way through. It muft therefore have rccourfc to a 
foreign Power, to put it in a Condition of enlarging 
the Paffages, that it may then penetrate the Wood. 
The Force ufcd here, is the Prcflurc of the external 
Air, which always afts upon the Surface of the Wa- 
ter, but which cannot have it's EfFcA till the Rcfi- 
ftance is dimininiedg or made to ceafe, of that which 
is inclofed in the Glafs Tube, and which caufes an 
Equilibrium as long m it continues there. Thus 
jAer fome Strokes of the Sucker, the Water prefibd 
without, being no longer fuftaincd within at N O, 
€kcr8 through the Bottom of the wooden Veffcl^ 
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and gathers into Drops, which falling make a Kim) 
of a Shower of Rain. 

Th e Pores could not enlarge thcmfdlves> unlef* 
the folid P^rrs of the Wood Ihould fluiok from one 
another, and fo the Surface be extended. But if the 
Circumfcrtnce, which the Water penetrates Icaftt 
docs not ft retch proportionally as much as the 
Middle, the Bottom of the Veffcl will become 
carved^ or the Veficl itfdf will open by forac 
Chink, 

P The Woods, which we call foft, (bccaufe being 
more porous than others, they arc caficr to cut) 
when their Surface is not daw bed over with fome 
unftious Matter, become humid when ihey are drier 
than the Air that touches them. Or elfe they loofe 
a Part of their Moifturc, if they are placed in an Air 
lefs moift than themfelves : Bccaufe it is of the Na» 
turc of Fluids, to fprcad themfelves equally every 
where. And as the State of the Atmofphere is con» 
tinually varying, the Woods, as well as all other 
fpongious Bodies, arc continually liable to Changes 
of Moiftnels and Drinefs, which makes an Altera," 
tion in their Volumes. Their Surfaces at one time 
cnacafe in Extent, at another time tliey diminilh or 
coniradt. *Tis for this Rcafon that Wainfcotting 
in new Buildings, Partitions of Deal, Cielings, and 
other Joiaec? Work^ which were not made of Sc?- 
foned ^cuff, often cleave with a great Crack, and the 
» Joints 
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Joints lofc their Exaftncfs and Solidity. That t 
Window which fliuts cafily at one time, becomes 
coo large at another, and can hardly be reduced to 
it's Place : And that a Tub with Chinks, will fwell in 
the Water and be repaired, Cf?r. For, all thcfe EIFcfts 
are nothing elfe but an Increafe of Dimenfion by 
Moifture, or a Diminution by Drinefs. 

This fort of Diforders would not be near fo con- 
fiderable, as they are, if this Diminution or Augmen- 
tation of the Surfaces were equal every where, and 
made at the fame time. In Works that are of one 
Piece, or which are joined together with Glue, 
there would only happen a Change of Magnitudr, 
which would be often of fmall Confequence. But 
becaufe one Side becomes moid and larger, while 
the other continues dry and without A ugmcniations 
there will follow Flaws, Ben dings, Deformities, Off. 
'Tis thus that Wainfcot grows hollow and bunches 
out, when the Surface that touches a moift Wall, ' 
continues more extended than the other; and that z^ 
Door warps, when the Pieces that compofe it are 
not equally fufceptiblc or exempt from the Impref- 
fions of the Air. 

The Ufcof Painting with Oil, and ofVamifhes, 
cures this fort of Inconveniences very well. Thus 
flopping up the Pores of the Wood with a Matter 
that is not penetrable by Water, not only prevents 
the Moifture from entering, but hinders that from 
coming out, which was inclofed at the time the 
Work was made. And it is a means of prcferving z 

conftant 
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inftant State to fuch things, which can change only 
>y being wet or dry, 

*Tjs wonderful that the fmall Parcels of Water, 
i^hich infinuate themftlves intoafolidMatter, fhould 
able thus to augment it*s ExrenGon by their lirtlc 
3ut multiph'ed Forces, notwithflanding thofc vaft 
ttfiflances which fomctimes endeavour to keep it 
»^5thin it*s Dimenfions* We have feen Cables made 
wet, with a defign to make them fwell, and thereby 
diminifli their Length % fo as to draw prodigious 
heights nearer to the fixed Point to which they were 
laftened. An Experiment like to this, and which 
Joes not lefs dcfcrve our Attention, is made every 
>ay in the Quarries, where they dig Mill-Stones, 
rfore the Eyes of thofe who little regard the Curt- 
>rify of it. Stones of this Kind are very hard % and 
isfhey have not the Cuftom of fawing them, they 
'make Choice of a Block, which is formed into the 
Shape of a Cylinder of a fui table Diameter : and while 
ir reds upon it*s Bafis, they divide it by circular and 
parallel Notches, at fuch a Diftance from one ano- 
ther, as is neceffary to make the intended Number 
of Mill Stones. But as thefc Notches cannot be 
made deep enough to reach to the Axis of the Cylin- 
der, there will remain a Spindle, which mull be 
broken, at every Notch. To cfieft this, they fill 
thefc Notches with Wedges of foft and dry Wood ; 
then they increafe their Volume by wetting and 
fprinkling Water upon them. What is to be ad- 
mtred in this Prafticc is this, th.it neither the 
Weight, nor the Hardnefs of fuch a Stone, can hin- 
• V O L L E der 
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der the Moiftore from having it's Efieft upoo tke 
Wood ; but by a Method fo fimpk, and of lb Htde 
Power in Appearance, it feparaoes the Stone from the 
Mafs, of which it made a Part. 

EXPERIMENT II. 

Prefaratiom. 

Instead of the GUisTube in the foregoing Er- 
periment, here is put that which is repreleated by 
Fig. 2. It is furnifhed above with a Flagon of Cry- 
ftal-GlaiS| the Bottom of which is made of Buff-Skio, 
and in which Quickfilver is put, to the Height of 
about two Fingers. 

Effects. 

At the firft or fecond Stroke of the Sucker, the 
Mercury will pafs through the Leather, and fidi fo 
fad into the Tube in little Globules, as to itfenbie 
a Shower of Silver. 

Explanat ions. 

THE^Buff-Skin which ferves asaBotttmi tOlfe 
Flagon, like the Skin of all other Animab, is msf 
porous. The QuickGlver, which lies upOR it^ ibmC 
in Quantity enough to force a Paflage by it'a own 
Weight. But when there is joined to ic the PkRfliiie 
of the external Air, as in the ficft Ei^rjinaiti dien 

V% 
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Tttrle Globules can pifs through, and in faUing can 
rcprcfcnt a fiWer Shower, by their Culour and Number. 
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^ 



Applications, 

The Life of Animals is maintined by Food. But 
of all that they take in the Form of Nourifhmenr, 
Nature makes Ufc of but a very fmall Part, for the 
Subfiftancc of the Body that digefts it. When fhe 
has fcparated hcrPart» and difpofcd of it according 
to her Views, (he has Ways by which fhc difencum* 
bcrs herfclf of the Superfluity, One would be apt to 
think, that the Evacuations commonly known, arc 
thofc which carry off the greatcft Quantity of thcfc 
Exceedings. But there are others, which are lefs 
perceived, and which operate more; bccaufc they 
arc performing it connnually. What is called Traff 
fpiration is nothing clfe but an Evaporation of fuper- 
abundant Humours, which is performed for the grea- 
ter Part through the Pores of the Skin. If it is fuch 
as makes the Surface of the Body notably moift, it 
is then called fcnfiblc Tranfpiration, or commonly 
Sweating, But this State is not natural : For, it re- 
quires violent Exercifc, or fomc extraordinary Agi* 
cation of the inward Parts. Yet the mod quiet Ani- 
fiwl, and which is in the bcft Heakh^ is not an In- 
(lant without tranfpirtng^ in a manner indeed that is 
hardly fenfible, but of fuch Efficacy in the Main, 
that (according to the Experiments of 5tf;t^i?rfV;, of 
Mr Dci«ir/, and of feme other Perfons, who hav« 
made them with Care;) of eight Potinda of 
E z Nourifh- 
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Noartfliment, which a Man may have taken in 24 
Hours, infenlible Tranfpiration has uken away five 

of them. 

We cannot therefore be furprized at the Decay 
and Fainting of fuch, who have been too longaTime 
without eating, or who take in fuch Subftaoces, as 
are but little capable of repairing what is continually 
loft by Tranfpiration. But we have more Reafon to 
be furprized, when we fee lethargick Perlbns* and 
certain Animals, as Marmofets, Dormice, &r. live 
feveral Months afleep, without taking any Nourifli« 
ment. 

Those who have feen living Bodies afleep in this 
Manner might eadly perceive, that their Condition 
much more refembles a general Numbneis, Ipread 
through the whole Habit of the Body, thad any na» 
tural and common Sleep. In an Animal that is only 
afleep, according to the ordinary Courfc of Naturet 
Refpiration will be fcnfible and frequent. The 
Warmth and Softnefs of the Limbs are a Teftimony, 
that the Humours arc in Motion, and circulate with 
Freedom. There is but one Step to make, as we 
may fay, from this Sleep to Awaking. Thus Tran- 
fpiration continues ; becaufe it's Caufes are nearly the 
fame. But in a lethargick Animal the Cafe is not 
the fame ; every thing is almoft in an entire InafHoo. 
It differs not from a Thing dead but by a Remainder 
of Motion, which is hardly to be perceived, and va^ 
often revives no more. Or, if at laft it does revive^ 
it's extream Leanncfs and Weaknefs, plainly (hew 
what Lois of Subftance it ha^ undergone by a flk>w 

Tranipira- 
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Tranfpiration, but of too long Continuance. I have 
fnmctimes obfcrved it in that Sort of Mice called 
Dormice. The State of Nam bnels in which they 
were, made their Limbs as ftifFas if they had been 
dead. They hardly fecmed to be warmer than the Wall 
from which they were taken. When there is fcarcc any 
Sign of interna! Motion, and fuch a Difficulty of 
awakening them, as to allow one to move them in any 
Manner, and even to hurt or wound them : In fuch a 
Sutc the Animal fufftrs but little DifTipation, it may 
fupport itfcif for fome Time without Nourirtiment j 
and the Time in which it lives thus, is always that 
of the whole Year, wherein Tranfpiration is Icfs 

I abundant, that is, in cold Weather, 
In the great Heats of Summer we tranfpire more, 
and commonly eat kfs, than at other Scafons. The 
Parts of the Stomach, which are appointed for the 
Digeftion of the Aliments, then relax themfelves, 
juft at a Time when it is more neceflary that they 
fliould cxercifc their Funftions. Then Animals are 
kfs vigorous I becaufc they lofc more, and recruit 
Irfi, than at other Times. An Appetite to eat, and 
the Need of eating, are different Things, 

If the Skin of Animals has Pores, which tranfmit 

t Humours from within outwardly, it has alfo fuch, 
^hich admit a Pafiage for Matters, which aft from 
ivithout to Parts within. The Art of Medicine ap- 
plies Remedies outwardly, which convey their Effedls 
to the moft inward Parts, and will not fuifcr us to 
doubt of thb laft Kind of Porofity. 
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EXPERIMENT IIL 

Preparation. 

An Egg is put into a Glafs Cup full of fiiirWaccr, 
which is covered by a Receiver upon the Plaise of the 
Air«*Fump, as is rcprcfcnted by fig. 3. 

Effects. 

When the Pump is made to work, in order to 
take away a Part of the Air which is within the Re* 
ceiver, the whole Surface of the Egg will be covered 
with little Bubbles of Air, which feparate themfelves 
by little and little, to rife to the Surface of the Water. 
And at certain Places of the Egg are obfcrved litde 
Spouts of Air, which arc formed by a continnal Suc- 
ceHiOQ of little Globules. 

Explanations. 

Thi ShcH of the Egg is porous, and for this 
Reafon in a few Days, 9 Pare of it*s Subftance will 
evaporate, which is foon replaced by the Air, which 
furround$ it« This Air contained in the Egg will not 
go out again as long as it is retained by the Prefliiit 
of the Atmofphere, But when this Prefliire is di- 
minifhed or taken away, which happens as loon as 

the 
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the Air is taken out of the Receiver, which fqueezea 
the Water againft the whole Surface of the Egg i 
then the internal Air, by a Property which we (hall 
explain in due Tinier endeavours to pafs our» and in 
going out fhews the Pores of the Shell, by which ic 
came in. Moft of thefe Pores arefo fmall, that the 
Air cannot pafs through theni but by infcnfible Parts, 
But the mutual Adhcfion of thefe Particles retains 
them, till their Volume is augmented byafufHcient 
Number^ which forces them to arifc to die Surface 
of the Air, by the Difference there is between the 
fpecifick Gravity of the two Fluids, 

Th e Porofity is not every where alike. There are 
Places where thefe little Paffages arc more open, and 
through which the Air paffes freely enough, and in 
Quantity great enough to comply at once with it's 
relative Lightnefs. *Tis that which gives Occafion 
to thofc little Spouts, which we may obfcrve in fcve- 
ral Places* The Water, which is put into the Cup, 
and with which the Egg ought to be quite covered, 
ferves only to Ihew the Bubbles of Air, which come 
out of the Shell, and which could not be obfcrved 
if they were to pafs immediately into the Air of the 
Receiver. 



ArPLICATIONI. 



Fr ESH Eggs arc thofe which have not yet loft that 
Part which Is called the Milk, and which we find 
immediaccly upon opening them, when they are not 
boiled too hard* Thus without having Regard ta 

£ 4 their 
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their Age^ one might call thofefrefh like wile, which 
have been laid for fcveral Days, but in which that 
DiflTipation of Siib(l:ance has been prevented, which 
IS only the EffcQ: of the Evaporation, which is ibon 
made through the Pores of the Shell. 'Tis not only 
a Matter of CurioGty, to prcferve Eggs frcfti in 
Quality, which are Stale as to Age ; but it is a real 
Advantage, always to procure one's felf a Food in 
good Condition, which often become doubtful 
when kept long. In Voyages by Sv a, and at Seafors 
inivhich Hens do not lay, or but fcldom, 'tis a good 
Kefuge to have a Provifion of Eggs, which are as 
good as if they had been new-laid. M. de Reaumur^ 
who never confines his Enquiries to Speculations of 
meer Curiofity, offers us a Method to do ir, which 
Teems to be as (imple, and more furc, than all thofe 
which had been contrived before him. He advi(es to 
ftop up the Pores of the Egg with a Covering 
that cannot be diffolved by Water, and which has 
fome Confiftance, fo that whatever (hall attempt to 
tranfpire from within to the Outfide of the Egg, can- 
not melt that which fhall fink into the Pores, being 
as fo many little Corks. Two or three Coats of 
common Vamifh, a flight Covering of Mutton- 
Sewct, or of Wax only warmed till it is liquid, arc 
Means which fucceed alike. And I can fpeak froni 
my own Experience, that an Egg thus kept for five 
or fix Months has ftill it's Milk, and has not the 
' lead offcnfive Tafte. 

Eggs varnifhed or covered in the Manner now 
faid, have not only the Advantage to keep good, fo 
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as to be eaten as if they were new- laid ; they have 
likewife this Advantage, that a Hen may fit on them 
with all the Safety that can be defired» after aTime» 
which without this Precaution, it might be expcfled 
they would become rotten. *Tis then a new Means 
10 attempt to raifc Ilrangc Birds, which cannot be 
tranfportcd alive without much Trouble, and which 
generally do not breed out of their own Country. 
Their Eggs being varnillied are eafily brought ove^^ 
will be fit to be fat upon after a long Voyage \ and 
wc know that one Kind of Fowls will fit upon the 
Eg^ of another. A Hen will hatch Ducks^ Phe- 
fants, £*ff. But in fucha Cafe it fhould be renaem- 
bcred, that Varnifliing is preferable to any other Co- 
vering, which being to be applied hot may deftroy 
the Young i as alfo that the Varnifh is to be taken 
away, when the Eggs arc to be put under the Birdf 
that is to Hatch them. The Tranfpiration that 
fliould be ftopt till then, afterwards becomes nc* 
ceflfary in the Incubation, And thefe are two 
Fads, which are equally afccrtained by the Trials 
of M, dc Reaumur ; firft, that an Egg which is 
varnilhed, will continue in vain under the Bird that 
lits upon iti and fccondly, that the Egg, which has 
been fo covered, and afterwards ceafes to be fo, may 
be £at upon, and will come to Good, jud the fame as 
if it bad not been covered at alK 
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E X P E R I M E N t IV. 

pREPARATlbN. 

\}p^^ a Piece of white Paper any thing toxf be 
wtitten or drawn, wiiK a clear and ciotourIe& Liqnori 
which k jprepared with dtftilled Vinrgar attd Lir 
duM^e. This Paper^ which will have no Sign of 
^¥riting upon it when it is dry, moft be pot vithia 
the firft Leaves of a Book, of about four or five 
^wmdrad P^es. Then i^n the bit Leaf of the 
Book, with a bit of Spunge, is fpread another Lii- 
4]ut>r^ which has no more Colour than the former^ 
and which is a Preparation made with Orptmeot, 
^ick Lime, and conunon Water. The Book ia 
then to be kept (hut for about three or four Minutea. 
Soo Fig. 4. 

EFFECT'S. 

When the Paper is taken out which was put into 
the Book, that which was wrote or drawn with the 
firft Liquor, will be found coloured with a darkilh 
brown Colour v and in all the reft of the Book no 
fuch Marks will be found. 

Explanations. 

Thxsi: two Liquors, which Cuftom has called 

'Sympatbetitk Inksj are of fuch a Nature, that wherever 

1 they 
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they meett their Mixture appears under a Colour that 
neither of them had before they were joined. This 
is an EfFcft» which is common to them with many 
other Liquors, for which we (hall endeavour to give 
z Reafon, when we come to fpeak of Light and Co- 
lours. The latter of ihefe two Liquors exhales a 
very penetrating Vapour, which may be perceived by 
the Smell, and which paflcs through the Leaves of 
the Book in a very little Time. Now the Vapour of 
a Liquor, is the Liquor itfclf divided into very fmall 
Parts ; and in this State* it is equally proper to 
unite itfclf, with that of the firft which was fpread on 
the white Paper. Therefore a Mixture is made of 
both, which appears of that Colour^ which they 
ought to produce, as often as they are joined to* 
gcther. And as this Colour depends abfolately on 
the Union of both, the Vapour in penetrating the 
Book cannot leave any Trace of it's PaflTage, bc- 
caufe we fuppofe the Leaves had none of the firft 
Laquor, 

Applications, 

SiKCi all occult Qualities, are baniOied out of 
Natural Philofophy, by which an Anfwer could be 
given to every thing, but which in Reality gave a 
Rcafon for nothing, to any one that defired clear and 
diftinft Ideas \ we muft no longer admit Sympatic 
and Antipathy as Caufes of any Phenomenon, unleiii 
Vft take thefe Words by way of Abbreviation, for 
the cpecbaoical Aftiaa of one Body upon another* 

A« 
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As when we lay, fuch a Remedy, or fiich a Food, 
is good for the Breaft, the Stomach, &c. A Way of 
fpeaking, which is the fame as to fay, that a good 
Efieft may be expefted from it, without explaining 
at Length how this Aftion is performed, which is 
to prcfcrve or repair thofe Parts of the Body. But 
m order to give a Reafon of the foregoing Experi- 
ment, if any one fhould fay, the fecond Liquor 
makes the firft to appear, bccaufe it fympathizes 
with it, this would not fatisfy thofe who expeft a 
rational and intelligible Explication. It would be 
required of him to fhew particularly, or at Icaft in 
general, in what this Sympathy confifts. His Rea- 
fons would not be admitted, unlefs he could derive 
them from known Principles, For, in his Ratio- 
nale, if he fhould introduce any thing new in Phy*^ 
ficks, he would ft ill be put upon the Proof of it i 
without which it would all be only an Hypothefisi 
and therefore of no Force. 

That which makes them haveRecourfc toSym* 
pathies and Antipathies, to explain ceruin Fafts, is 
generally the Difficulty they find to reconcile them 
with the known and ordinary Laws of Nature, ^ut 
thofe Who do this, are often but little acquainted 
Vith thefe Laws, or with the Ufe that may be made 
of the Knowledge of them. A Man well furniflied 
with this Knowledge knows alfo, that the Properties 
of Bodies already known are few in Number* but 
that they are very fruitful in their Applications. 
They fhew thcmfelvcs fo many different Ways, that 
he can Haraiy'perfWade himfelf he fhall ever find 

them 
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them to faiJ him Without flattering himfclf that 
he knows them all, he hardly allows himfclf the Li- 
berty of imagining new ones. He rather choofcs to 
believe, that he docs not fee them always where 
they rtally are, and that what he cannot now per* 
ccive, may pofTibly be refervcd for fomc happier 
Genius. 

But ll muft be confcfTcd, that FacVs arc often 
inexplicable, becaufe they arc cither falfe or mifre- 
prcfcnted; and if we would aft prudently, they 
fhould be well verified before we are at the Trouble 
of making an Explication of them. Thofc that relati 
them to us^ have believed they fiw what they really 
did not fee; for want of Dilcerament or Attention* 
Or, perhaps they repeat them after Perfons, that 
have fomc Intercft in them, or Men of no Veracity. 
If Credulity, and the AfFcftation of telling fomcthing 
marvellous, come likewifc to the Afljlluncc of Igno- 
rance and Prcpoflcfrion v we may receive, as un- 
doubted Fafts, all the (hallow and puerile Imagina- 
tions that offer, and ail the Exaggerations that pafs 
from Mouth to Mouth, which gain Credit by Time, 
and by the Authority of fomcbody, who was fiip' 
pofcd to have more Knowledge- than he really had, 
I am not now fpeaking of the fuppofed ImpofBbilicy 
of tuning a Mufical Inftrument of two Strings, one 
of which is made of the Gutts of a Sheep, and the 
other of the Gutts of a Wulf: Or, of t\\^ imagined 
Danger of calling into the Fire, either Unne or 
Blood : Or, of a Cure, which is to be performed by 

carrying certain Fruits in one's Pocket, or by throw- 
ins 



ing them into a Well : Or, of infinite other like Re- 
medies, or Prcfcrvarivcs, which every one now knows 
to be ridiculous, and which are fopportcd by no phi- 
lofophical Experiments. How long did the World 
ftand amazed at the famous Sympathetick Powder, 
and it's wonderful Effcdls? Yet 'tis known to be 
nothing elfe but Vitriol calcined by the Sun, and 
made into a Powder This Mineral is aftringcnt» 
and when it is applied to a Wound, it will hardly 
fail to dry it up, and to difpofc it to dole in a Ihort 
time. Hitherto there is no Sympathy, in the Senfc 
this Word is taken. Aifo when this Powder is niadc 
Ufe of near the wounded Perfon, upon a Cloth dipt 
in his Blood dill warm, it fometimcs happens that 
the Wound fcrtis it, or is fenfible of it: There i$ 
yet nothing fympathetick, but to thofc that are ig- 
norant, that Vitriol pulverized exhales into iofiinfibte 
Particles, which the ambient Air carries aboot^ and 
which joins ttfclf to humid things pre&rabiy to 
others. But the Marvel of this Operation is* when 
this Powder afts at a great Diftancc^ as from four to. 
fix or ten Leagues, 

Theie is no Probability, it muft be owned, of 
ever explaining fuch a Phacnomenon with any Ap> 
pearance of Truth, according to the known and or- 
dinary Laws of Nature : And in vain fhouM we m* 
tempt to explain it, if it be nothing elfc but the cx-^ 
travagant bc>afting of fome Quack, Mindly fupported 
by Credulity, and by a fond Defire of hearing nil 
telling Miracles, But this is the Sentiment we ougliC 
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lo have of it, according to the Opinion of rfiofi: •♦ 
who would trult nothing but their own Eyes ia tlsii 
Matter. How many fuch like Chimeras would vg- 
niih into nothing, if ooly Fads were faithfully re* 
lated^ with all iheir conconiitaAi Circuni(bnces? 

Notwithstanding we are certain, that Poi^ 
rofuy is a Property common to all Bodies ; yet we 
do not know the abfolute Quantity of thefe Pores. 
For, as all Matt<:r is heavy, and as Gravity belongs 
only to what is material, we know very well, thac 
one Body has lefs Vacuum than another, when, V<^ 
lumcs being equal, it weighs more than the other. 
But this Comparifon Ihews only their relative Poro- 
fity. It does not tell us, char in one of the two there 
ts juft fucii or fuch a Quantity of falid Parts, which 
would teach us very fatisfa£torily how porous it ii. 
The true Means of being informed of this would be, 
CO have a Standard of Comparifon, which (hould be 
entirely folid, in which the Magnitude and the 
Weight would be truly fynonymous. Fof in cocn- 
parlng a Portion of this Matter with an equal Volume 
of another Matter, if this, for Example^ fhould 
weigh \ti% by bali, we 0iould have Keafon to conclude^ 
Dot only that it 15 Icis folid by half, as wc generally 
do« but we (hould alfo know the juft valui; of this 
^4fr And we IhouW look upoo it as a Thing certain, 
that the For olity of this compared Matter was equal 
CO it's Solidity. Becaufe the G/avity, which is an 
, Attribute ioleparable (romaii Parts of Matxeri would 
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be there perceived to be bat half as much, as in an 

equal Bulk which is nothing but Matter. 

But a Body of this Kind will never be any thing 
clfe but a mcer Suppofition, which can never become 
real. For, we know no fuch Body in all Nature, 
Of all Material Beings, rhat we are acquainted with. 
Gold is the moft compaft, and contains moft 
Matter under a determinate Magnitude. There is 
no known Matter, of which a cubical Inch weighs 
fo much as a cubical Inch of Gold, Yet this Metal 
is porous, becaufc Quickfilver penetrates into it in a 
Moment •, and jfqua Regia^ which is made Ufe of 
to diflblve it, a£ls from Surface to Surface, even to 
the laft. Several Philofophers* have even carried 
their Conjeftures fo far as to believe, that in Gold 
there may be as much Vacuum as Plenum, What 
Notion muft we have then of the Porofity of other 
Bodies ? Of common Water, for Example, which 
weighs about 19 Times lefs than Gold ; or of Air, 
which is 800 Times lefs folid than Water? 

On e Matter is not always more porous than ano- 
ther, for this Reafbn only, becaufe it*s Pores arc 
more open. Often the Number makes amends for, 
or even exceeds in one, what the Greatnefs of ihc 
Pores does in another. However a Cork may be 
comprcflcd in the Neck of a Bottle, yet it never 
becomes as compaft as a Piece of Wood of any other 
Kind, As for Example : Tho' it's Volume may be 
diminflied by Compreflion, it can never be madras 

• Mfwrtff'i Treatife of Optickft I. ii. p, |, prop. 8L 
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heavy as Oak : It's Porofity then is always greater, 
yet neither Oak, nor any other Wood will ever be 
ib convenient as Cork, to prevent the Evaporation 
of any Liquor inclofed in a Vcflcl. It is therefore 
more than probable, that if in one of the two the 
Sum of the Vacuities is greater, 'tis not fo much on 
account of theGreatnefs as the Number of the Pores. 
When Jqua Regia^ which diflblves Gold, refufcs to 
penetrate a Mais of Silver ; Will any one fay, in 
coniequencc of the relative Lightnefs of this Metal, 
that it has it's Pores more open than the firft ? That 
which enters into this, why cannot it fubdue the 
other, if, as is fuppofcd, it's Parts being more di- 
ihint from one another, give a better Opportunity to 
the Diflblvent ? Would it not be better to fay, that 
the little Vacuities in the Silver are not altogether 
fo great as in the Gold, but that they are much more 
numerous ? 

Hitherto the Explanation does not fucceed 
amifs. But if it is anfwcred, that the common Jqua 
ForHs that divides filver, and the greatcft Part of 
other Metals, does not touch Gold ; it muft be 
owned, that the relative Magnitude of the Pores, be- 
comes but a weak Reafon. For, why cannot that, 
which fnlinuates itfelf into a Icfs Aperture, do the 
feme into a greater? Is it bccaufe there muft be an 
exaft Proportion between the Utrlc Points of the 
DiBblvent, and the Pores of the Matter to be diffol. 
vcd ? Or to fupport this Explication, muft Figure 
be annexed to Magnitude ? 

VOL. I. F We 



82 LtSiures in Expirimiuial Pbibfipbyi 

We cannot doubt but that one Matter diflSm 
from another by the Configuration of it*s infeofible 
Parts; and becaufe they are differently figpired in 
different Bodies, it follows, that the Pores in eircry 
one muft be of different Forms. By the help of this 
Principle, which is inconteftable, we may eafily ooo- 
ceive, that a folid Particle, muft not only have a 
fuicable Magnitude, but alfo a convenient Figyre^ 
in order to place itfelf in one of thefe little Vacancies^ 
or to pafs from one to another. And that if one of 
thefe two Conditions (hould fail, the other may 
eafily be infufficient. This is a Cafe ia which we 
are obliged to acknowledge, that even with iiue 
Principles, and which are granted in other relpedst 
we muft ftill continue in Doubt as to our E^qriica* 
tions, when we apply thefe Principles only upon 
Conjcfture, and that Experiment does not declare 
whether we have gueflcd right or no. 

But finally, tho' we ftiould be ignorant whether 
it is a Proportion of Magnitude or of Figure, or both 
together, which makes a Diflblvent to aft upon one 
Matter preferably to another; the Fad is not the 
lefs known for that, and the Arts for a long tioK 
have converted it to Ufe. ' 

The Etcher takes a Plate of Copper, which is 
thin and well poliflied ; he daubs it over (lightly with 
a Covering of a Kind of prepared Wax, which he 
blackens over with the Smoak of a lamp. He 
draws upon this covered Surface with a Steel Point, 
which lays open the Copper by as many Strokes as 
his Dcfign requires. He borders his Plate with a 
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Ridgc of foft Wax, he places it in a Horizontal Pa- 
ction, and covers it three or four Lines deep with 
Aqua Fortis^ weakened with common Water a third 
Part or one Half In a htcle time the Copper, that 
was difcovercd by the Steel Point, yields to the Ac- 
tion of the Diflblvenr, and is eaten away more or 
left according to the Intention of the Artift, who 
regulates the Continuance of the Operation. In the 
mean while the Wax, which is not at all diflblved by 
the Aqum Fortis^ preftrves the reft of the Surface 
from receiving any Injury. *Tis thus they prepare 
a Leaf of Metal, in order to multiply the fame 
Stamp three or four thoufand times, by making it 
pafs fucceffively through the Prefs, upon fo many 
Leaves of Paper. 

Marble is impenetrable to Water, and many 
other Liquors. But it is not fo to Spirit of Wine, 
Spirit of Turpentine, or melted Wax. Thefc Ex- 
ceptions have been applied by ingenious Pcrfons, as 
fo many means for introducing foreign Colours into 
the infidc of Marble, and to make white Marble 
imitate other Kinds, which are naturally coloured. 
The late Mr Duf ay, who was very expert in tinging 
hard Stones, and who has communicated his Difco- 
verics of this Kind, to the Academy of Sciences ♦, 
has often fliewed me Tables of Marble artificially 
tinged, which were well imitated, and fo ftrongly 
penetrated, that they were afterwards polifhed, with* 
out loHng any thing of their Colours. 

* Mcmoin of the Academy far 1728. p, jo. 
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THEVcrnifhes of which now fo much Ufc is 
made, are nothing elfe but Gums of different Sorts» 
which are liquified by Means of fome Diflblvent. 
Such a one diflblves in Spirit of Wine, which con- 
tinues whole in Oils ; and tbefe Oils are empbyed 
fuccefsfully in the melting of others. The whole 
Art confifts in knowing in what Menftruum each is 
dilTolvable ; and this Choice without Doubt be- 
comes neceflary, only upon account of the Diffe- 
rence there is, between the Porofity of one and that 
of another. 




SECTION 
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SECTION III. 

Of the COMPRESSIBJLirr and the 
ELJSTlClTr of BODIES. 



W 



H A T we have already f\id of Porofity 
mufl make it evident, that the apparent 
Magnitude of any Body niuft always exceed the real 
Quantity of it*s own Matter. And this Excefs per- 
haps is as various, as are the Kinds of Bodies. that 
coropofe the Univerfe* For we fcldom find two 
Sorts of Matter, which weigh equally under equal 
Volumes. 

This Relation of the Volume to the Mafs is 
what we oil] Derjjiy. One Body is more denfe than 
another, when the real Quantity of it's Matter dif- 
fers kfs from it*s apparent Magnitude; or, which is 
the fame thing, when under a given Magnitude it 
contains more folid Parts. Therefore Lead is more 
denfc than Copper : But Air is not fo denfe as 
Water. 

But the fame Body may change it's Dcnfity, 
That is to fay, it*s Mais continuing the fame, 

F 2 it's 
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it's Volumfe may vary cither by increaling or di- 
xninifhing. When a Body becomes more denfe, 
'tis becaufe it's folid Parts contrad themfelves dofer 
into a lefs Space ; and this may be done two ways^ 
either by removing an internal Caufe, tliat kept the 
Farts at a greater Diftance, or when we apply a 
Force externally, which obliges them to approach 
nearer to one another. We may diftinguifh from 
one another, each of thefe two ways of diminilhing 
the Volume of a Body, by calling the (irft Ccndtnfa* 
Hon J the other Compreffion. (Tho* to fpeak ftriftly, it 
will always be condenftng a Matter, when we create 
a Diminution of it's Volume, let the way of doing 
it be what it will.) Thus to fqueeze Snow in our 
hands to make a Ball of it, is to comprefs it ; to cool 
a Liquor, or to diminifh the Heat that dilated it's 
Parts, is to condenfe it. 

We know no Body in Nature, (abftrafling from 
the Elementary Particles, or Atoms, if there be any 
fuch,) the Volume of which may not be diminilhed 
by one of thefe two ways, and often by both. How 
bard foever a Matter may be, it is never perfedly io ; 
it's Particles are always more or lefs dilated, either 
by an internal Motion, which may be abated, or by 
the Action of fome foreign Fluid, which penetrates 
it, which may be overcome by an external Power. 
For Example ; a Bar of Iron, which has been made 
red hot, afterwards becomes fmaller and harder as it 
grows cold i becaufe it's Parts by little and little, 
approach nearer to one another, by lofing the vio^ 
IcQf Mo;iop th^t they hr^d acquife^ in ?he Fire. A 

Sj)ong? 
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Sponge foaked and dilated by the Water it cent in?, 
is reduced to a much Icfs Space, when the Warer 
that fills it's Pores, is fqucezed out. A Ball of 
Marble or of Glafs, even a Diamond itfelf, when 
thrown againft any thing that is very hard, will re- 
bound at that very Inftant •, and we /hall fhew pre- 
fcntly, that the Motion of Reflexion is a Proof of the 
Comprcffibilityof the Body reflefted. 

All Bodies in general, whatever State they aic 
in. Solid, Fluid* or Liquid, arc fufceptible of Con- 
denfation. A Piece of Marble, efpecially if Black, 
is found to be fenfibly kis, when it has continued 
for fomc time in a Place, much colder than where tt 
was before, when it was firft meafured. A Bladder 
or Foot- Ball filled with Air in the Summer time, be- 
comes flabby in the Winter, And the Liquor of the 
Thermometer docs not defccnd towards the Ball, 
but when it's Volume is no longer foflicient to fill the 
Part of the Tube, which itpoflTcflcd when theWeather 
was hotter. But we fhall forbear to fpeak more at 
large of the Manner in which Bodies are condenfed, 
rill we come to treat of the Fire and Heat, by which 
they are rarified. 

As to Comprcffion, we cannot fay that it belongs 
fo generally to Matter confidcred in all it's States. 
All folid Bodies are comprcffible, and Experience 
hitherto has not excepted one. Air may be confi- 
derably comprcflTcd, and by this Property it exhibits 
furprizing Effefts, which we fliall relate in due Place. 
Other Fluids, as Smoak, Flame, He, have never 
yet been tried in this View ; bccaufe, without Doubt, 
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it would be very difficult, and perhaps impoffiblet 
to apply them alone to Experiments of this Kind. 
But as to Liquors, they have never given direftly 
any token of Compreflibility, whatever Attempts 
have been made. And it feems as if all was done at 
firft that could be done. The Experiment of the 
Academy del Cimento was as ingenious as the Refulc 
was little expefled. And it does not appear, that 
any other have fmce tried it to better Parpoie. 
Sit L Newton* relates it as a very curious thing; and 
as if he had apprehended, that fo furprizingan Efieft 
ihould be received without Hefitation ; he aflbres us 
that he received it from an Eye-witnefs. As to my- 
felf, I can appeal to my own Eyes for the Truth of 
it, and the Ufe I make of it in my Courfes, \m al- 
ready put it in the Power of many Perfons to do the 
fame. This is the Faft. 

EXPERIMENT I. 

PREPARAT ION. 

A B A L L of Metal, the Capacity of which was ex- 
caSly meafured, and which was thin enough to be 
flexible, was entirely filled with Water, and flopped 
up in fuch Manner as that none could be loft at the 
Orifice; it was applied to a little Prcfs, as is reprc- 
fcntcd at Fig. 5. 

• Trcatifc of Opticks, I.- 2. Part 3. Prop. 8. 

Effects 
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Effects, 




Wm e n the Prefs was made to aft upon it, the 
Ball of Metal being compreflTcd^ became a little flat; 
and as we went on to prefs it, the Water made it's 
way through thi! Pores, and appeared upon the Sur- 
face in little Drops like thofeof Dew, 



EXPLANAT I ONS. 



It is a Matter of Demonftration, that a Spherical 
Capacity, when the Surfaces arc equal, includes more 
Matter than any other. It follows then, that if a 
Vcflcl of this Figure be full \ it cannot lofe it, but 
€mt of ihefc two things mufl: happen. Either it 
inuft increafe in Surface to prcferve the fame Capa* 
city, or what it contains, muft be condenfcd by di- 
miniftiing it's Volume. When the Water begins to 
pafs through the Metal, the Ball is found to be a 
little flattened i but meafuring it's Capacity, we find 
it to be the fame as before the Experiment began. 
We muft therefore conclude, that this flattening is 
owing only to the DuAility of the Metal, and that 
the Volume of the Water was not fenfibly diminiflied 
under the Prefs. 

Lord Bacon^ Mr Boyk^ and fome other Philofo- 
phcrs, having attempted tocomprefs Water in Boxes 
of Metal, have thought they found Marks of it's 
Comprcflibility ; but it is very likely that what they 
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perceived, was owing to the Flexibility or Elaftidty 
of the Metal, or elfe to that of feme Bubbles of Air» 
which were inclofed in the Box with the Water. 



EXPERIMENT IL 

Preparation. 

hi H^. 6. AB C D is a very thick Glafi Tube, 
iKthich is three Lines Diameter within, is feven Feet 
high, and is crooked at the End, like a Hook. At 
firft a little Quickfilver is poured in, which fills 
the Curvature, and which comes to a Level at B C 
The Part C D is filled with Water, the Tub is ftopt 
perfei5ily and fubftantially at D, and then Quickfil- 
ver is poured into the Branch AB, till it is oooopleat- 
ly full 

Effects. 

The Column of Water, which is between C and 
D, oppofes the FreflTure of the Quickfilver with fo 
much Refinance, that it does not fenfibly diminifli 
in Volume. 

Explanations. 

We fhall make it appear, when we come to treat 
of Hydrojiaticks^ that the Prcffure escerted by the 
Mercury againft the Water in C, is equal to the 
Weight of the Column, contained in the Part AB of 
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the Tube. But this Column of Mercury, which is 
Hbout 6 Feet 10 Inches high, is equal to three times 
■flic Weight of the Atmofphcre, which rifes to a very 
great Force. And Cnce it is not fufficient to con^ 
dcnfe fcnCbly the Volume of Water, againft which 
it a£b; 'tis a Proof, that the Parts of Liquids arc 
very hard, and that the Subftances in this State, arc 
but little flexible. 



Applicat ions, 

II THOU OH in the Experiments we have now 
produced, the Water gave no perceivable token of 
Condenfation ; yet we muft not conclude from 
thence, that Liquors are abfolutely incompreffiblc^ 
but only that they are able to refift all the Attempts 
that have hitherto been made to comprefs them. 
Every thing inclines us to believe, that at lafl they 
would yield in a fenfible Manner, if it was poffiblc 
to cxpofe them to greater Degrees of Preffure •, and 
that they yield even to thofe we now make Ufe of, 
but in a Quantity which is too little to be perceived* 
All folid Bodies are compreflible, bccaufc they are 
porous, and therefore their Parts may approach 
nea^sr to one another. And what elfe is a Liquor, 
but a Collcaion of little folid Bodies, which we may 
conCder as fimple Subftances, or rather as little Mat 
fes compofed of Parts, which are not fo clofcly 
united, but that they leave little Vacuities between 
I PoroCty makes the greater bodies capable 
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of Condenfation, Ought not the fame Caufe to pro- 
duce the fame Effe6t in fmaller Bodies ? All that can 
be faid is, that ComprefTibility ought to dimintlh 
with the Magnitude of the Bodies ; that is to fay, 
that the lead are lefs flexible ; that confcquencly the 
Parts of one Liquor, bccaufe of their extrcam Small- 
nefs, are Proof againft the greatcft Force. But it 
follows from the fame Principle, that none art abfb- 
lutely incompreffible, but what are abfolutely fimple ; 
fuch as Atoms would be, or the primary Parts of 
Bodies, upon which our Experiments can take no 
hold. 

It is for oXiv Advantage, that whatever is liquid 
can refift fuch Preffures, as would batter and bruilc 
other Bodies. Whatever we draw from Vegetables 
by Expreflion, as Wine, Cyder, Oils, i^c. would* 
never feparate from the folid Parts that contain them, 
if the Liquids could be comprcffed as well as the 
Solids. Fruits committed to the Prcfs, would only 
change their Volume. The Eafinefs that wc find 
in cxtrading the Juices, which Nature has there 
prepared for our Ufe, is almoft wholly owing t» 
the Refiftance, that Liquids oppofe to being com- 
prcfled. 

We cannot but be furprized when we confider, 
that the fame Body is compreflTible or not, according 
as a greater or kffcr Degree of Heat changes it's 
Condition. A Piece of Ice exhibits Marks of Com- 
preflion. Let it be reduced to Water, and it is ftiU 
the fame Matter, but is no longer compreffible. 
Wax, Sulphur, Metal, £5?f. fhcw the -fame thing, 

when 
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^ivhcn they are made topafs from a State of Solidity 
to that of Liquidity. This Phaenomenon is of Ibme 
confequence, and dcfcrves well to be explained. 
But the Misfortune is, we can only offer a Conjee- 
■ture ; yet it is a Conjcflure founded upon known 
Hprinciples, which makes it very probable, 
" We may affirm, that the natural Stare of al- 
moft all Bodies is to be folid. When they become Li- 
quids 'tis becaufe a foreign Matter makes them fuch, 
by penetrating their inward Parts, and either by 
their Quantity or Adion, by giving a relative Mo- 
tion to thofe Parts, which breaks all their Conne- 
xion, and almoft all their Adhefion to one another, 
*Tis thus that Clay, foaked with a fufficicnt Quan- 

Ijtity of Water, becomes a Mud, which runs upon an 
Inclined Plain, Water itfclf ceafcs to be Ice, as foon 
hs a more fubtilc Fluid, known by the Name of the 
^Matter of Fifty penetrates It in a fufficicnt Quantity, 
and gives it Motion enough to loofcn it's Parts frorn 
one another. 

Now if a Reafon fliould be afked, why folid Bo- 
dies may be compreffcd, and Liquors have not the 
fame Property ? May it not be anfwertd with fome 
^probability, that in the fir ft the Parts ftand upon an 
uncertain Foupdation, or are only fupportcd by a 
Fluid without Aftion, which gives way at the Icaft 
Shock ; whereas in Liquors, the Particles being more 
divided, and for this Reafon being already Icfs flext' 
blc, are fupported by a Fluid in more Abundance, 
the Parts of which are fo much the harder as thty 
arc more fimple. If we fliould put into a V'eflll, a 

certain 
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certain Quantity of little Balls of Steely or of mj 
other Matter of eqiml Hardnefs, they would Jiot ftn^ 
libly yield to Compreffion, whether chey were alone, 
provided they touch, or whether they were miog^ 
with others that are fmaller, which would hinder 
them from touching ; fuppofing that thefc hft wcm 
themfelres inflexible. See Fig. 8. 

EXPERIMENT IIL 

Preparation. 

Upon a Table of black Marble which is very 
fmooth, and fmeared lightly over with Oil ; fix>m 
the Height of two or three Feet, at feveral times, 
and in different Places, is let fall a little Ball of Ivory, 
which may be about three Quarters of an Inch in 
Diameter.. See Fig. 7. 

Effects. 

By looking obliquely upon the Marble TaUe, 
wherever the Ivory Ball has touched it, we (hall 
perceive a round Speck, about two Lines in Diamc* 
ter ; which Speck will be greater in thofe Places 
where the Ball has feUen higher. 

Explanations. 

Ivory, tho*vcry hard and firm, yet is acorn- 
preffible Matter. When it falls upon the Marble, 

the 
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^ the Motion of it's Weight, which urges it, occa- 

fions a Preffure, which pulhes a greater or lefs Part 

of this little Sphere towards it's Centre. And as thefc 

Icomprcfled Parts are of a Nature to reftore them» 
fclves again in an Inftant, there remains no Mark of 
this CompreflSon upon the Ball, but the Speck 
which appears upon the Marble, is an incontcftabic 
Proof of that flattening, which now difappcars. If 
we (hould choofc rather to fay, that the Marble funk 
down and reftorcd itfelf immediately ; this equal!/ 
proves the Compreflibility of a very hard Body* 
Probably both of them happen; the fame Comprcf- 
fion may pit the Marble, and flatten the Ball. But 
of thefe two Effcfts, the latter is doubtltfs the moft 
confiderable, whereby to judge of the Nature of thefe 
two compreflcd Bodies. Wherefore we fliall adhere 
to the latter by way of Preference, and what wc 
fhall now (hew, that the round Speck inconteftably 
proves the flattening of the Ball, abftrafting from 
the Flexibility of the Marble, would likewife oblige 

■ us to admit the pitting or finking of the Marble, if 
we had no Regard to the ComprefTzbility of the 

■ Ivory, 
*Ti5 known that the Circumference of a Circle, 
when it's Convexity is applied to a Right-Linct 

■ touches it but in one Point G, Fig. 9. *Tis conceived 
tlfo, that fpherical Surfaces arc compofed of circular 
Lines, as Plains are of right Lines, and that the 
Surfaces have the fame Refpcft to one another as the 
Lines, that compofe them have; if the Circle 
tpuchcs the right Line but in one Point, the Ivory 

B.iJl 
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Ball in our Experiment, if only fet down upon die 
MarbleTable, would touch it likewife but in one Point; 
When it was let fall, if it appears that it applied it* 
felf to the Marble according to a circular Sorfioe of 
two Lines in Diameter, we muft neceflarily allow, 
that the firft Point of touching, g^ Fig. 9. has ap- 
proached neiarer to the Centre by the F<Mrce of Q>m- 
preflion, and that after this, the Points round about 
have fuffered the fame difplacing : This has given 
way for a fenfible Portion of the Surface to apply it- 
fcif to the Marble, and to leave an Impreflion there 
upon the (light Coat of Oil, with which it was 
covered. 

Applications. 

If a Body is comprelfed equally through the whok 
Extent of it*s Surface, provided it be compreffible, 
nothing can follow but a Diminution of it*s Volume } 
becaufe all the oppoHte Points fubmit to equal 
Powers, and their refpedive Situations continue the 
fame. Such is the Scare of an Animal that lives in 
the Air or in the Water : Being furrounded on all 
Sides by one of thefe two Fluids, they arc not lenlible 
of their Preffure, tho* it be confiderable ; becaufe it 
makes an Equilibrium with itfelf, and difplaces no- 
thing of that, which is expofed to it's Force. But If 
the Compreflion fhould be greater on one Side than 
on the other, it's EfFtd would be no longer confined 
to diminifh the Volume \ the Figure alfo would be 

changed. 
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changed, as maybe perceived by the Fall of a Ball 
of Lead upon a hard Body, which then would loofc a 
Part of it's Sphericity : Or, by throwing a Hand- 
BJl agiinft a Wall, which often leaves remarkable 
Footfttps of it's 0*irtcning* 

OftbeElapcity, or Springinefs of BODIES. 

Of all Bodies, that are comprcffcd, fome continue 
in the State that the Comprcffion has made them 
affume ; that is to fay, they, that have changed either 
Magnitude orFigure, remain in this Ch3nge,cven when 
their Compreffion is over : As the Ball of Lead, which 
continues flattened after the Fall \ and a Snow-Ball, 
which remains in the Form, which has been given 
by the Hands, that fqueczed it up. Others, on the 
contrary, reftorc themfelvcs, and, after having been 
comprcffcd, they re-alTumc the fame Dimenfions, and 
the fame Figure, which they had before. Such is 
the Ball of Ivory of the foregoing Experiment; and 
fuch is a Bubble of Air, which rifing from the Bot- 
tom of a Vcffcl full of Water, becomes greater, as ic 
riffs higher towards the Surface. 

Bodies of this laft Kind, are called Elaftie^ or 
Springy Bodies. For Elaftidly is nothing elfe but 
that Endeavour, by which certain comprcffcd Bodies 
ftrtvc to reftorc themfelves to their natural State. 
This Property therefore fuppofcs that they arc com- 
preiEble \ and as Liquors arc not fo in any fcnfiblc 
Manner, we arc to conclude, that if they have any 

V O L, I. G Springinefs 
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Springincfs, their Rc-adion has too little Extcot to be 
vifible. 

Likewise all the Bodies that arc claftic, arc not" 
fo in the fame Degree. Some of them hardly reftore 
themfelves at all, and then, astoUfe, their Elaftici* 
ty is looked upon as none at all This Kind of Bo- 
dies are called Soft^ which means only a Privation of 
Springinefs, fuch as is aftive enough to be con- 
fidcrcd. 

Those in which the Elaftic Force may be per- 
ceived, rc-ad more or Icfs according to the Hard- 
ncfe, Stifhefs, or Difpofirion of their internal Parcs- 
But there are none, of which we may aflbrc ourfclvci 
by pofitivc Proofs, that their Elafticity is perfcdl and 
unalterable. We ilmoft always obferrc^ that this 
Quality may be loft or weakened by long Exerdfe^ ^ 
or by a Comprcflion of too long G)ntinuance. A 
Bow, which is too often bent, or for too long a 
Time, keeps at laft the Curvature, which has been 
given it. Hair, Wool, or Feathers, with which 
Houfhold-Furnitorc is fluffed, in Proccfs of Time, 
loofc almoft all the Convcniance they afforded when 
new \ and their finking down, is the ncccfliry Con» 
fcquence of a Springinefs worn out. 

We muft not therefore promife ourfelves Experi- 
ments, that arc rigorouQy cxaft, to cftabliOi the 
Theory of Elafticity ; fince the Bodies, which ha? 
the moft of it have not yet enough, or fo much as 
neceffary, to render them perfedly elaftic, BeGdes,' 
we cannot operate but in fome material Medium : 
Tho* wc fhould choofe the Air, which is the leaft fo, 

wc 
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we have already fhewn^ that it is capable of ReGft- 
ancc, and we ought to expedt, that it will dcftroy 
feme Part of the EflFcd, the* ever fo little* Bat near 
Approaches are fufficicnt, when there is wanting but 
very little of Exailncfs, and when we arc obliged to 
make Abatements for inevitable Obftacles, Tem- 
pered Steel, and Ivory, have appeared to me as pro- 
per enough for the EfFccli, by which we arc to prove 
what is moft needful to know about Elaftidty* 
Therefore I fhall make ufc of them preferably to any 
other Matter, in Experiments of this Kind. But as 
thofe, which I have made choice of, require fome 
Knowledge of the principal Properties of Motion^ 
of which as yet we have faid nothing v I thought ic 
bed to omit them at prcfcnt, and fo much the rather^ 
becaufe they will find a proper Place hereafter among 
ihofe, which we fhall make ufe of to (hew the Lawi 
oF Motion in thePcrcuffion of Bodies. 

The Arts have employed Elafticity, to fo many 
goodPurpofcs, that it would be a long and needlefs Un* 
dertaking to enumerate them here. It will be enough 
to produce an Example or two, by which we may 
judge of the Ufefolnefs of others, 

I F it is ufcful and convenient to travel at ones cafe \ 
almoft all this Advantage, is owing to thofc Plarca 
of Steel, to the Straps of Leather, and to other cla- 
ftic Bodies, upon which Coaches and Chariots arc 
fufpended* Without this Precaution, the beft Poll- 
Chaife, or the fineft Coach, would be nothing better 
than a Tumbril or Dung-Cart covered and adorned, 
in which one fhould be miferably jolted : For, if all 
Q 2 thac 
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that compofcs the Carriage, were equally inflexible, 
the Diverfity of Motions created, and fuddenly inter- 
rupted by the Roughnefs of the Roads, would be 
communicated with all their Violence to the Perfons 
riding within. 

Th e Mcafuring of Time, is a thing of fo much 
concern to every Body, that there are few without a 
Pendulum -Clock, or a Watch, and who do not 
look upon it as a neceflary Piece of Furniture. This 
Kind of Inftruments, which are to be confidercd as 
a Mafter- piece of Art, are put in Motion by a Spring, 
(Fig. lo.) formed of a Plate of Steel, rolled up 
within itfcrlf, and lying in a little Barrel, which it 
makes to turn as it unfolds itfclf, the Motion of 
which is communicated by indented Wheels, quite 
to the Pivots or Axis, which carry the Hands ; which 
Hands are thereby made to (hew the Hours and Mi- 
nutes upon a Dial- Plate divided for this Purpofe. 
We (hall mention elfcwhere, how they have arrived 
to the Art of makinjg the A6lion of the Spring to be 
nearly equal, during the whole Time that it unwinds. 
For, there is a DifHcuIty that prefents itfelf at firft 
Sight ; which is, that this Action continually dimi- 
nilhing, as the Spring unbends, the Motion muft 
alfo retard in all the Pieces that are governed by it, 
and fo the liands would make the Hours, and the 
Minutes, longer towards the End than at the Begin- 
ning. Therefore a Remedy was to be found to this 
Inconvenience, which they have accompli(hed by t 
very ingenious Device, of which we (hall have Oc- 

cafion 
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o fpeak when we treat of the Theory d£ the 

^ Leaver, and of the Machines relating thereto. 

^ Or what AlTiflancc arc Springs in the Bufincfs of; 
Gunnery ? By what other Means could fuch quick 
Motions be procured, and fo hard to be perceived by 
a Bird, or by a Qi^iadruped, which Nature has taught 
to be upon the watch againft every thing that threa- 
tens it's Life ; and which defeats the Craft and Dex- 
tcry of the ableft Sportfman, by Organs of an cxqui* 
fitcSenle, and by an Agihty, which often defies his 
Purfuits? The Trigger of a Gun, direfted by a 
Spring, ftrikes in an Infant, a fharp Flint againft a 
littk Piece of tempered Steel. The Fire catches the 
Powder, and the Bullet, driven by it, fmites the 
Animal, before it has had any warning, either by the 
Flame or the Sound ; or at leaft before it can make 
any Advantage of that Warning. 

Not only the Arts have made good LTfc of the 
Elaflicity of Bodies, and have made commodious 
Applications of it ; but they have alfo found Means 

» producing it, or of incrcafmg ir. In fuch Bodies as 
have little or nothing of it. 
All fonorous Botlies muft be fpringy, as wc 
(hall prove more at large after our Experiments upon 

kUic Air, *Tis for this Reafon, that they make Bells 
ivith Copper and Pewter melted together. For it 
has been obfcrved. that mixed Metal is harder, and 
ftiffcr, and more elaftic, than the fimplc Metals of 
which it iscompofcd. 

The Generality of Metals, even without Allay, 
become capable of a greater Re-aftion when they arc 
G I hammered 
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h|tmeercd cold : This the Warkinai call C^-kw-' 

.•i&iiiff . This is eafily perceived by die Ycfl^ idclf. 

-..When a Spoon, or Fork« has only been cift and 

"filed, and owes nothing to the Hammer, die ¥^ 

fliion of it u not fo dear ; but then it b k&donbie: 

The Piece is cracked with the kaft Vnlence, aodift 

Polifli is never fo neat. A Woricman fluHcd ia 

Qock'Work^ in Mathenutkal InftmoMiil, in 

Goldfmiths Work^ &c. never faib to cafe-bvden 

his Work, not only to give it more Solidity^ but 

alfo to make it more valuable by a fhore fhining Po- 

Iffh, in bringing the Particles nearrr tdgedxr, and 

making the Fores of the Metal more clofe. 

But of all the Bodies, of which the Springineft 
is tncreafed by Art, there is none more mnarkabfc 
than Iron converted into Steel i and among the 
different Proceffes made ufe of for this Purpofeupoq 
this Metal, noth ing is comparable to ?Viii;^nif; 

Here I mud inform yoq, faftj that Steel is not 
a particular Metal ; it (hould be confidered as Iron 
prepared •, and the* there are Mines that fiipply it 
immediately, the mod common and the fineft, i$ 
that ^bich is made with forged Iron, by introducing 
into it, a certain Quantity of faline and fulphurioiis 
Parts, which incrtafe ii*s Hardncfs, and make it fit 
fo be tempered. Secondly^ to temper Steel, is to 
cool it fuddenly, the very Moment it is taken red? 
hot out of the Fire -, and this is commonly done by 
plunging it into cold Water, or into fotnc fucfi like 
thing. 
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The chief Effcfls that refult from the Temper- 
ing of Steel, and from which the Arts receive the 
grcatcft Advantage, arc to render it very hard % to 
incrcafe it's Elallicity, and to make it durable. AU 
fliarp and cutting Tools, even to thofc made life of 
for cultivating the Earth ; in a Word, from the 
Lancet down to the Spade *, all owe their principal 
Merit to this Hardncfs, which cofts fo little, and 
which would be hurtful, if carried to Exccfs ; if they 
did not take care to moderate it by a Degree of Hear, 
which comes after Tempering, and which they call 
Softening ot Annealing, 

The admirable Eficfls of giving Steel this Tem- 
per, have juftly raifcd the Curiofity of the moft able 
Philofophers. All of them have wifhcd to know the 
Caufes of it, and fome have ventored to explain them. 
But it muft be allowed, that no Body has given fo 
probable an Account of this Macter, and fo well fup- 
ported, as M. de Reaumur. After a Scries of Eaqac- 
riments of many Years Continuance, he fuppofej 
that the Aftion of the Fire, drives out of the Middle 
of the Particles of the Steel, a great Part of thofc 
Salts and Sulphurs, which are there concealed ; yet 
without making them totally to forfake the Mali, 
Which Suppofition is founded upon the common and 
known EffeAs of Fire, and upon Experience, For, 
we know by other Means, that in the melting of 
heterogeneous and fixed Matters, the Fire always 
caufes a Union of like Parts, And when it's Aftion 
is incrcafcd to a certain Point upon the Steel, it robs 
ic of it's Sulphurs and it's Salts, which Workmen 

G 4 call 
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gUI kurmimg it. The tempering then takes hold 
of the Steely at a Time when it's Principles, tho* the 
lame, are found differently mixed together. Before 
it is hot, the faline, fulphureous, metallidL^ i^c. 
Parts, being extreamly comminuated, and intimate* 
ly mixed together, compofed a Whole of a more 
uniform G>ntexture, but yet more heterogeneous, as 
to it's Particles \ becaufc every one equally pertook 
of three or four Sorts of Matters, which enter into 
the Compofition of Steel. But after a fufficient De^ 
gree of Fire the Salts, and the Sulphurs, being ex- 
traftcd and rolled up, as we may (ay, firparate from 
the metal! ick Parts, make a Whole which is more 
homogeneous, as to it's Particles ; but more porous 
and lefs connefted, as to the Aflemblage of thefe 
little Pellets of different Kinds. This Hypothefis, 
if to be called one, explains very happily all the 
Phsenomena belonging to the tempering of Steel. 

For, 

1. Steel, when broke, appears to be of a coarfer 

Grain after it has been tempered *, becaufe the little 
metallick Parts, which are the more apparent, on 
account of their Colour, are colleded into little 
Mafles, more at a Diftance from one another. 

2. The Temper gives more Volume to the Sceel 
than it had before. And this fhould be fo ; becaufe 
it fixes it in fuch a State, wherein the Mixture and 
the Union of it's Principles are lefs. 

3. Th e Seed hardens by being tempered ; becauie 
it's Particles are formed of more fimilar Parts, and 
for this Reafon more capable of uniting. 

4. Hardened 
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4 Hardened Stctl, breaks fooner than chat which 
is Qoc hardened, or is Icfs hardened » bccaufe the Ad- 

[.hefion of it's Particles between one another is Icfs, 
fince they are of unlike Matters, and touch one ano* 

\ ther by fmaller Surfaces. 

5. Lastly, Softening makes tempered Steel left 
brittle and more flexible i becaufc a moderate De- 
gree of Fire, partly produces an intimate Mixture 
of unlike Parts, and makes it take a middle State, 
between that of Steel not tempered, and Steel tern* 
percd to Excels. 

Alt HO* we hare Proccfles that are certain for 
increafmg, diminifhing, and taking away the Sprin- 
gineis of fcveral Bodies \ yet for all that we do not 
know any better the Caulcs of Elafticity in general. 
Whatever has yet been contrived to give a Reafon 
for it, can at moft pafs for Conjeftures only, fomc 
of which have been vifibly confuted by Experience: 
Others fuppok the thing in Quell ion \ laftly others, 
which are more ingenious than probable, have no 
Fafts to recommend them, 

I To fay that a Spring, which is ftretched by bend- 
ing ic, has it's Pores more open on the convex Side, 
may indeed be true. That the Pores tho* more open, 
arc not yet open enough to fill thcmfclves with the 
grofs Air, and that they continue empty, this may 
ftill be probable*, but to add, that in Confequence of 
thefc little Vacuities, the Preffure of the Air, which 
afts on the oppofitc Side, is the Caufc of the En- 
deavour, which we fee the Elaftick Body to make, 

to recover it's fifft State j this is what Reafon doci 

pot 
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not aflat, and which Experience expttfAf denies. 
For Elafticity performs all it's Fondions, ai well in | 
a Place deprived of the grofe Air, as clfewbere, 

1 CALL that fuppofing what is in Queftioii, to at* 
tribute the Springincfs of Bodies to the Air, which 
they contain within their Pans as fo many licile Balls, 
which find themfelves compreiled in the concave 
Part of a Staff, which is bent, and which re-aft till 
it is ftrait again. For It will ft ill remain a Queftioe, 
what is the Caufc of the Springinfs of the Air ? 

Lastly, If with the Change of Figure, which 
is made in the Pores of a Spring when bent, we fup«^fl 
pofc the AAion of a Fluid, which is every where, n^n 
the Maiiria fuililis, or fomething like, which zA% by 
it's Weight, we may form an Explication which will 
have fome Likcncfs of Truth. But I doubt much 
whether it will be admitted, if it is not fupportrd by 
Fa£ts ', and I cannot fee how fuch can be foutid, that 
will fpeak to the Purpofc. 

What we have faid in the foregoing Ledurc, 
and in this, conce rning the Divilibility of Bodies, the 
Subtilty of their Parts, the Variety of their Figures, 
their Impenetrability and Porofity ; engages us, am 
puts it within our Power, to explain in general aft< 
. what Manner we acquire the Knowledge of the Ob-* 
jcfts that furround us. For whatever is without our- 
felvcs, would be unknown Co us^ if it did not niake 
fome fenfiblc Inipreflion upon us. And this Im- 
prcfljon, which aflunnesfo many different Forms, we 
0we alnioft entirely to the great Minutencfi of the 
Parts, which affcifl us, and to the different Figures 1 

tbey 1 
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Ithcy acquifc. Whatever is material applies idcJf 
[to our Scnfcs, and it is from the Report that they 
Imake^ that we form our Judgment, 



A DigreJJim concerning the SENSES. 

CERTAIN Faculties of an animated Body» 
by which it maintains a Correfpondcnce with 
|rxtcmal Obje^s, wc call Sen/es, Thcfc are fo many 
leans that the Creator has furniflied them with, 
lat Animals may be in a Condition of feeding them* 
[fclvcs, of defending chemfelves* of afllfting one ano- 
Itherj and of propagating their Kind. For, without 
llhe Senfcs, ihey would hardly differ from a Plant, 
[which grows in the fame Place where Nature pro- 
Iduccd it J which withers immediately when it's Nou* 
lri(hment fails 1 and which fuffcrs wich equal InfenG- 
>ility» either the Spade which cukivatcs it, or the 
Inife that deftroys it, 
Th e Exercifc of the Senfes, is meerly an animal 
^Fondion 1 it belongs as well to Beads as to Men. 
U fcems alfo in this RefpcA, that many Species of 
fbc Brutes have been better furniJbcd than we have 
For what exquiGte Smelling have Dogs ! How 
larp of Sight are fome Birds of Prey I 

We 
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We commonly diftinguifh five different Sen fes •» 
the Touchy the Smelly the Tajle^ the Hearings and 
the Siib:, There are but few Animals, in which we 
may not reckon up fo many. Poflibly there may be 
Species in Nature, that may have feme other Senfcs 
that we know nothing of* But it is with this a 
with all other things, that arc not impotBblc j wc arc 
not to admit them without Nccdffity, and without 
Proof, Every Scnfc has it*s particular Strat in fomc 
Part of the Body, which in this Rcfpeft is called it*& 
Organ. The Ear is the Organ of Hearing, the Eye 
of Seeing 1 and fo of the reft. 

Tho* every Organ is fcnfiblc, it is not fo how- 
ever for all Sorts of Objeds ; for every one has it's 
particular Province, The Ear would dirrft itfclfin 
vain towards the Light, and the (harpcft Sight could 
not perceive the Sound of a BclL Even tho* the Ob- 
jed fliould belong to the Organ it affcfls, the natural 
Senfation would not take Place, unlefs when the Im- 
prcfljon is neither too ftrong nor too weak. Wc 
ftiould not diftinguifh the Image of the Sun, if we 
fhould immediately receive his Rays into our Ey«:s, 
And few Pcrfons could read a Writing in fmall 
Charaflers, if they had only the Light of the 
Stars. 

What is it then to perceive , or to makcUfe of 
ourScnfes ? On the Part of the Animated Body, 'tis 
to receive upon fuch or fuch an Organ, the moderate 
Impreflion of an Objcft, which affeds it either by 
itfclf, or by fomc intermediate Matter. On the 
Part of the Soul, which animates the Body, 'tis to 

rccollcftj 
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Kfecolleft the Ideas, which it has conncAcd with 
Hlhefe Imprcflions 5 or to form new ones, if the Itu- 
^fcreflTions arc new. If a Mm, for Example, in open 
^Q>ay fhould caft his Eye upon a Dog : The Li^ht, 
which illuminates the Body of this Aninnal, rebounds 

110 the Spcftator, and (Irikes a Place at the Bottom 
of his Eye, terminated like the Figure of the Ani- 
inal, which rcflefts it* On this OccaGon the Soul 
rccollefls the Idea of a Dog, which is familiar to itj 
and if the Memory furnifhes it with the Idea of fomc 
other Dog, it judges this to be great, little, lean, 
tat, is^c, by the Compirifon it makes with it. Now 
to know how the Organ afFc<5led by the Objcft, de- 

Ifcrmines the Mind to think in confcqucnce of itj 
|his is what Phyficks do not pretend to teach us, 
And is (I believe) what exceeds the Limits of our 
narrow Comprehenfions. The Union of tho Soul 
and Body j the Intercourfe of thefe two Beings of 
ftich different Natures, is one of thofc Myftcries, 
which perhaps it is more prudent for us to admire 
than to pry into. 

But as a Man fees a Dog, fo does a Dog fee a 
Man: And his Adions as well as ours, fecms to be 
regulated by what he fees, by what he underftands, 
Cjff. Therefore (hould it be aflced what paffes in this 
Animal, when an Objed affcds any one of his 
^^enfes? This would be another of thofe thorny Que- 
PCftions, wherein our Curiofity is difappointed, and 
upon which the moft inquifitive Genius's, have in 
vain cxhauftcd all their Philofophy, According to 
the Doftrine of dis Cartes^ a Beaft is nothing clfe 

but 
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but a fine Machine, all the Pieces of which are Co 
well matched, and ordered with fuch pcifcft Corref- 
poodence, that one of them being moved by the ex- 
ternal Objefl, that has hold of it» immcdtatcly de- 
termines the reft to move in fiich or fuch a Manner. 
The Nerves of each Organ being roucbed as rhcy 
ought, tranfmit to the Members their different Mo- 
tions, whence fuch or fuch an Aft ion is the refulr. 
ThisThought is grand, and bold ; it is even perfaafive 
when one confiders it without Prejudice. Bat it 
would weaken it to build it's Probability upon Ex- 
amples or Similitudes. An Oyfter or a Snail, which 
of all animated Beings frtm to be the mod infirm, 
is beyond Comparifon much above the moft pcrfcA 
Watch, or whatever elfc Art can produce that is 
moft ingenious. The loweft of Mankind, can never 
be perfuaded to look upon the A ft ions of a Horfe, 
a Hound, (ffc. as the Rcfultof a Mechanifm, which 
is purely material. To have a Rclifli for this Phi- 
lofophy, one muft be but very little of a Pbilo- 
fophcr. 

Without doubt we fhall rather choofe to be- 
lieve, that the Body of a Bruce, is animated and go- 
verned by an intelligent Being, which begins to live, 
and dies with it, and which is the Principle of all it's 
Thoughts, and of all thofe Judgments, of which wc 
think we fee Indications in the fcveral Aftions of 
Animals. This Opinion is neither contrary to Rea- 
fon, nor to the Doftrines of Reh'gion, and has found 
Patrons, and ft ill finds them to this Day i and that 
not only among the Vulgar, who jodge only from 

Appearances, 
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^Appearances^ but even among fuch as think, and 
^■who entercain no Opinions till after they have 
^B thoroughly examined them. 

H But it mud not be thought, that in taking this 
■• Side of the Queftion, we are put above all Difficult 
tics. When we confider the Docility of a domcftick 
^ Animal i the Craft and Subtilty of certain wild Beafts 
B of Prey ; the Regularity and loduftry, that prevails 
among cenain Kinds of Infefts, which live and la* 
' bour in Society \ it is very convenient to account tor 
it by faying, * That all thefe Animals are intelligenr, 
^ ' the Author of Nature has made them foch^ by 
H ^ indofmg in their Bodies a Sou!, which is of a Kind 
H *• fuicabic to their Condition', Now if this Soul is 
immaterial, as is pretended, what becomes of it ? It 
has been lately obferved^. That after a certain Worm 
has been cut into five or fix Parts, and often more^ 
I every Portion continues to live, and becomes again 
H a compleat Animal, and in all things like to that, 
H which had been divided* Was there then feveral 
^ Souk in the fame Individual ; or elfe that which is 
I not Matter is it divifible ? We will not urge this 
Queftion any farther, in a Work in which all mcta* 
phyfical Enquiries are prohibited : But we will apply 
ourfclvcs wholly to what may be cleared up, and proved 
by Experiment and Obfcrvatton. As to the Matter 
in hand, we (hall confine ourfcJves to explain the 
Mcchanifm of our Senfations. We will trace the 
OKcmal Objcft, 4ir it's Aft ion, to the Part of the 

M. dt Riaumur't Hiftory of Infers, Tom. VL Pr, p. 54. 
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Bcxly appointed to rtceitr it's Impredion \ and \t 
foe what arc the neccffary Conditions, in ihc Ot^ 
to be aAiTcly fcnfiblr, and in the Organ to be effec- 
foally affcAed. 

The TOUCH 



Thi chief, and the moft general of our Scofcs is] 
the tmub v we may fay, that all the reft are only ^ 
the Spiciej^ of which this is the Genus. When we i 
hear the Sound of the Voice, or of any Inftrument, 
this Senfation is nothing elfc but a tremulous Motion, 
excited at a certain Part of the Ear, by the Conrad of | 
ibc Airt which itfelf is agitated by the fonorous 
Body. When we fee any Objeft, 'tis becaufe the | 
Light, which proceeds from that to us, ftrikes upon 
the Bottotn of the Eye, Thus to Tafte^ to Set^ to 
Hear^ to Smell Odours^ properly fpeaking, are to be 
touched in fuch or fuch a Part of the Body, by a 
ceruin Matter. Whereas the toucb^ which we con- 
fidcr as the firft Scnfe, confifts in receiving, upon 
my whatever fenfiblc Part of the Body^ the Imprcf- 
fion of any Matter whatever. The other SenlVs have 
their Organs, and Objefls that are proper to them j 
this poflcfles the whole Habit of the animated Body, 
and is extended to whatever is palpable. Befides it 
has this Advanugc over them, to be at the fame tic 
both Aftive and Paffive, For it not only puts it iu 
our Power to judge of what makes an Impreffioa^ 
upon us, but likewifc of what refifts our Impulfions. 
We can apply the Organ to theObjed^ and it is by 

Conu<5b 
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bntaft or Handling, that we ufually inform our- 
fclves of the Condition of thofe Bodies without us, 
which it concerns us to know, 

. Th e Bodies that we touch, or which touch us, 
make different Impreffions upon us, according to 
tiieir Magnitude, Figure, their Con fiftence, the De- 
gree or Kind of their Motion, their Temperature^ 
fcf^. And to all thcfe different Manners of Touching, 
different Nanies have been given, which exprefs ei- 
ther the Aft ion of the Bodies upon us, or our Aftion 
upon them* To Jlnke^ to frick^ to pincb^ la 
Scratchy to Tickle^ &c, are fo many Expreffions, 
'which ftiew what different Bodies make us feel, ia 
Bconfequcnce of their Mafs, their Form, or their 
■Manner of moving. Cold^ boty hardy foftf dry^ 
Wmoifty commonly denote the Senfation, which is 
excited in us, by a Matter, which we handle, by the 
^aftua] Condition of the Parts, which compofe it's 
P^Mafi. As the Senfations of Touching may vary ad 
infinitum^ cither by the Variety of the Objeft itfelf, 
by the Extent and Difpofition of the Organ, and by 
the different Manners by which one is applicable to 
the other ; we arc very tar from bei^ able to charac* 
tcrize all by proper Names. Thofe, which we have 
mentioned, and many others, which we omit, are 
only (as we may fay) gencrical Terms, by which we 
make known, with the affiflancc of fome Circumlo- 
cutions, the different Species that may bt; reduced to 
them. Py Ticklings for Example, we denote what 
wc feci in the Throat, when a flight Acrimony pro- 
V O L. I. H vokei 



. 



W4 



ires m 



Experimental 



vokes us to cough* Likewife we fay» thac a Me«^ 
dicine pinches or |r^«, to declare thac it n: 
ftrong Impreflions upon the Parts which it affefts. 
• Tho* the Objcft of the Tomb is generally without 
lis, the different Parts of the fame Body aft recipro- 
cally upon one another^ both without and widiin. 
When the Hand touches the Foot, it creates two 
Senfations. It is at the fame time the Objed of onC|1 
and the Organ of the other. As to what paflTes with-] 
in, and without Interruption, the Habitude depriif 
us of theScnfation of it. For Example ; the Aftiodl 
of the Fluids upon the Solids docs not become fennbleJ 
but when it brings fomc Change to the natural State:] 
And then we feel what we call Wearinefs^ fVcakmJs^ 
or Pain. 

We may fay in general, that in every Organ^ thl^ 
Nerves are the moft eflcntial P^rti that in which the 
At5tion of theObjed is terminated, and aft<r which 
we can no longer perceive any thing that is mecha-l 
nicah The Bottom of the Eye, where Vifion is 
complcated, is only an Expanfion of the optick 
Nerve. The l^tina Spiralis of the Cccbka^ which 
is looked upon as having the greatcft /hare in ilic 
Funftions of the Ear, is a Compound of nervous 
Fibres. And the Organ of the Touch is found thro* 
the whole Extent of the Skin, and cfpecially at it's 
external Surface ; where it is known that all the little 
Nerves are terminated, which form the gr|atcft Part 
of this Tegument. ^Tis thofc little Nipples, the 

Rows 
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'Rows of which form Ridges toward* the Extremities 

f>| the Fingers, where the Touch is generally more 

I ^^Pliiifitc thaa clfewhere- A Ikillful Anatomift*, 

■|»as lately given us a very concife and intelligible De* 

fcriptioD of the Skin, in a Work wrote profeOedly 

on the Scnfes ; the reading of which, I think, will be 

very u(eful to thofe, who dcfire upon this Subje£^ 

trnpre ample Difcourfcs than what can End a Pl^ 
Jicre. 
What proves beyond Difpute, that the Nerves 
have a greater Share in the Touch than any other 
Part, is bccaufe thisScnfe exerts it*sFundions more 
^or lefs perfcftly, according to the aftual State of 
Blhofe little nervous Tufts, which we may perceive 
K at the Superficies of the Skin, and which are covered 
Honly by the EpidermiSy Fig. ii. If a Burn dries 
Bchem up, if any foreign Matter covers them, if too 
•great Cold contrafts them, or hinders them from 
"fpringing out; the Part where this happens lofcs 
it's Scnfe, and does not recover it till thefe Accidents 
are removed. The Diflempers of the Nerves, which 
do not go fo far as to dcftroy their CEcooomy, are 
alfo the more fevcre i bccaufe they immediately attack 
the Organ of Scnfations. The Lethargy and the 
Palfy, which fufpcnd or flop their Funftions, gene* 
rally caufc Infcnfibilitj. 
K Accidents, Diftrafcs, old Age, often deprive 
lis of our other Senfcs, We often fee blind Men, 



• M. li Cfl/i TrcatJfe of ihc Seofci, p* 207. 
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deaf Men, and People whole tafting and fmelliDg 
are almoll quite worn out : But i( is very nic id 
find a Man, who is univerfally infenfibk. We Ihall 
ibon perceive the Reafon of it when we oonfider, how 
many ways we can feel external OtyeAs u lefiftiif^ 
in Comparifon of the oi^ganical Parts, which repie- 
fent them to us as fonorous, coloarcdt lavoury, or 
odoriferous. The Extenfion of the Touch is diere- 
fore a Refuge, which Nature has provided for diofe, 
who, by any Accident, or vicious Dilpofidon, fhooki 
find themfelves deprived of their other FacoIdcL 
Thus we fee blind Men, who fupply the want of 
Eyes by their Touch ; and tho' the Touch be no- 
thing near fo delicate, as the other Senfes \ yet whea 
it is made Ufe of out of meer Neceflity, and made 
more perfefl: by Habit, it performs Wooden. Bat 
1 would not warrant the Truth of all the Stories that 
are generally related on this Occafion \ for when any 
thing approaches near being wonderful, it feldom 
pafles without great Exaggeration. 



the TASTE. 

As the Growth and Support of Animals depends 
on the Nourifliment they take in, and of the Choice 
they make of it ; it was convenient that Nature ihoukl 
form them in fuch a Manner, that they themfelves 
(hould defire their necefTary Aliments, and diftin- 
2 guilh 
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guilh fuch as were fitted for them. It was ncceflary 
they iliould feci the need of eating, and that they 
Ihould take Pleafure in fatisfying it. For without 
{this Precaution, the Care of living would have been 
m Burden, Let us judge of it from ourfdvcs. Were 
we only to difcbargc a Duty when we fit down to cat^ 
it muft be allowed, that Indigcftions would not be 
Xo common, and perhaps we ihould fee many People 
die for want of feeding themfclves. The Author of 
Nature has forcfeen this Inconvenience, and to pre- 
ivcnt it has put Motives within ourfelves, which pre- 
▼ail more powerfully with us than our own Lazinefs 
can do. A fafting Stomach urges us by Hunger and 
Thirft I and the Mouth, which gratifies thcfc two 
Appetites, makes itfclf amends by the Savours which 
jit taftcs, for the Trouble it takes in preparing the 
Aliments for Digeftion. 

The Taftc confifts then in perceiving the Im* 
predion of favour y Matters, and in receiving or re- 
jefting them, according to the Ideas, which they 
ufe to arife, and the Judgments, which are formed 
from them. 

Savours, which are the Objefls of the Taftc in 
^neral, proceed chiefly from the falinc Parts, which 
arc found in all Matters whether Animal or Vege- 
\t% which we take either as Food or Phyfick, 
hcfe little angular pungent Bodies arc fitter than 
tbcrs to penetrate even to the immediate Organ, 
and to make thcmfclves perceived there. We may 
judge of them, by putting a Grain of pure Salt 
H 3 upon 
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upon the Tongue, of any Kind whateVtrt Where 
it will make a very ftrong Inipreffion. Attd theor 
AnalyHs difcovers, that of all mizt ItodMs, ttldTe 
that afFed the Organ moft, areTuch as dbdiind nkrffc 
in Salts. 

We know but a very fmall Number <Jf Biles tlUt 
are effcntially different, or of which the Pzitn ShrAei 
by Water fhew themfelves under Figures, Wlikh are 
eonftantly different. Thence it folloW*, tlfitt die 
Senfacions of the Tafte would be but little diveffified, 
if the faline Parts contained by the Aliments were to 
a£t alone, and without Mixture upon the Orguu 
But Nature has mingled them with other Prirtctplesy 
Svhich are not favoury of themfelvts, which only 
aft as Objefts of the Touch in general, and of whi& 
the Number and Quantities, may be combined ^ 
infinitum. Water, Earth, Air, Sulphur, Oil, ale 
To many infipid Matters, which Nature has formed 
as an Ingredient into almoft every thing, that ferves 
for the Nourifhmcnt of Animals. The Mouth in 
bruifing thcffe Aliments fupplies a Lymph, which 
promotes the Difunion of the Parts, and'which hys 
open their Principles. But this Diflfolvent has not 
fo much hold upon fome as upon others. The Sul- 
phur and the Oil, for Example, do not fubmit to it's 
Aftion, which the Earth and the Water do. So 
that the faline Part never difcngages itfelf but imper- 
feftly, and in Proportion to the Diffolubility of that 
which is ciofcly united to it. 

Thb 
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The moft fimplc Savours, and upon which Men 
are more generally agreed, are thofc wherein the Salts 
arc the Icaft mitigated by the Mixture of other Mat* 
tcrs. Every Body knows what it is to be faU^ four^ 
fweet, biiter^ barfh^ &c, Thefe different Scnfations 
are fo remarkable, that they are prcfcntly diftingu idl- 
ed. They are as it were theBafis of all others, which 
become fo much the more difficult to dcfcribc and 
cxprefs^ the more they recede from this primary Sim- 
plicity. The Bittcrnefs of Coffee, for Example, 
correfled by the Sweetnefs of Sugar, produces a mixt 
Senfation. The Juice of Fruits mingled with Spirit 
of Wine, takes a new Tafte. The Tafte of Viftuals 
changes almoft entirdy* and is difguifcd a thoufand 
different ways, by that infinite Number of Prepara- 
tions and Mixtures, which Datntincfs has made an 
important Art, and which has been much cultivated 
in our Age. 

It is with the Objcd of the Tafte, as with that of 
the Touch, Mixt Savours depend on certain Prin- 
cipless the Affemblage of which is capable of in6nitc 
Combinations, fo that it is impoffible to mark them 
all by particular Names. They are cxprcffcd by 
comparing them to fome Savour that is more fimplc, 
or better known. Thus we fay. Such a Fruit is a 
Uule tart^ or biuer. Such a Ftjb has the Tajic of a 
Pike, &c. 

As to the Organ of Tafte, all Anatomifts have 

agreed, that it i? chiefly in the Tongue. A great 

many of them think, that it is through the whole 

H 4 in fide 
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infide of the Mouth, and many aaend it at fiur al 
the Gullet, or even to the Stomach* It it hardly 
poffible to reftrain it to the Tongoe alone. Etery 
one may know from his own Experience, that 6- 
▼otiry Matters make themfelves perocifcd, dio' mote 
faintly, at the Palate and the Bottom of the Month* 
But what determines the Quefton is this, that Peopk 
have been known who had no Tongue, and yet tiftoi 
their Food.* 

Her £ alfo the Extremities of the nervoot Fibits, 
choie Nipples we mentioned before, are the imme- 
diate Organ of Tafte. But whereat for the Sea- 
i^on of touching they are fniall, and covered Ofver 
by a pretty imooth Skin of fomething of a dofe 
Texture ; in all the Parts of the Mouth where diey 
are obferved, and efpecially in the Tongue, Fig. i2« 
they are bigger, lefs compad, and as it were let into 
a Covering or Sheath very porous, and watered by a 
Lymph which keeps them fupple, and puts the 
favoury Parts of the Aliments in a Condition to touch 
them, which is ncccffary to make it perceived. For 
it divides it, it unfolds it in fuch a manner, that 
it gives it the degree of Tenuity, proper to infinuate 
itfclf through this very porous Skin, that covers the 
little nervous Tufts, upon which the Impreflion is 
to be made. 

♦ Memoirs of the Academy, for 171 8. p. 6. 
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Thi Organ of Taftc may be fpoiled and worn 
out as well as others, by a too immoderate Ufc of 
it*s Objcft. The ftrong Savours, fuch as fpirituous 
Liquors, and thofe high-fcafoned Ragoiits fo much 
in Fafhion at this Day, much diminifli the Scnfibili- 
ty of thofe Parts, which are often to undergo the 
Imprcflion of them. Experience teaches us, that the 
ordinary People, who accuftom themfclvcs to drink 
Gin or Brandy, find Wine too infipid tor them, and 
therefore do not regard it. We know on the con- 
trary, that Drinkers of Water have generally their 
Tafte more nice and exquiQte than others. This Li- 
quor, which has hardly any Savour, prefcrvcs the 
Organ in it's fulISenfibtlity, becaufe it is not capable 
of altering the Texture of it. Difcafes or old Age 
may alfo create a Dtforder in this Part* At the be- 
ginning of a Recovery from Sicknefs it often hap- 
pens, that we have no Tafte for our Food ; becaufe 
there ftill remains fome vicious Humour, that choaks 
up the Pores, through which the favoury Particles 
ought to pals J or becaufe fome preceding Accidents 
have caufed an Alteration in the Organ itfelf, which 
^is not yet returned to it's natural State* But I have 
■infenGbly paiTcd the Boundaries of my Undertaking ^ 
and it belongs to Phyfick and Anatomy, to fupply 
what may be farther added j though poffibly I have 
already faid but too much. 
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aiDOcg dK Se:;ks, vfacn vc b^g^i «idi ikofc^ viudh 
in Appcannoe, are Ac mbk §pA% ftt mtf %e 
reckoocd io die iecood PbcB» if iRfapeBq^lo 
die Order dar Kaase obfenFcs is dor EaadL 
For it's Fonftions often pmede dnfe of Ae Tafte. 
VThat is oScrcd us to eat or drink ii haidft^adnnttafly 
dil it is firft nramined and ippi ofcd bf ihii Sedc 
And Animals which hive their Touch oddier lb 
familiar nor fo nice as we have, bf the Ufe of dxir 
Nofe determine about the Qoafity of Aar Food* 
efpeciallf when it is new to them, and wlien Atf 
cannot difcem any outward Refembbnce to wfait dxy 
have been accuftomed to. There is fo groirin Affi- 
nity between the Tafte and the Smell, as wdl in re- 
fpefb of the Objeft as the Organ, that (bme Aiato- 
mifts have confiSered the latter as a Part or Supple* 
ment to the former. And indeed we fee, tbst what- 
ever is friendly to one, naturally pleafes the <Xbtr. 
One is tempted to put to one's Mouth, fudi'Matcers 
as exhale agreeable OdoOrs, unlefs we know other* 
wife that it has hurtful Qualities. And if it happens, 
that any cuftomary Food difpleafes our Smell ; either 
Habit, or feme powerful Motive muft prevail over 

that 
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that Repugnance that will not fail to arife, without 
which we (hould deny ourfclves the Ufc of it, upon 
the fole Tcftimony of our Noft, 

As the InGdc of the Nofe communicates with the 
Mouth, it often happens, that the Senfations of the 
Tafte are connedcd, and as we may fay confounded, 
with thofc of the Smelling. This EfFeft happens, 
when the Savours are fpirituous and volatile. And 
thence again proceeds a prodigious Variety of Senfa- 
tions, according as the Smell has a greater or a Icflcr 
Share therein. When it partakes a little too much of 
it, as it's Organ is more fenfiblc than that of the Tafte, 
this lofes it's Right for a Moment, and the whole 
Sen&tion belongs to the Smelling, Who is a Stran* 
ger to what happens, when we take a Dofc of Muf- 
tard a little too large i or when we drink too deep of 
llrong Beer ? 

It appears that the principal Objed of the Smell- 
ing are Volatile Salts, and that the Variety of Odours 
proceeds from the Mixture and the Quantity of other 
Principles, that are conjoined with them. For the 
fiat Salts are not able to apply themfclves to the Or- 
gan ; and whatever is nor liilt in mixt Bodies, tho* 
it may be volatile, fcems inCpid to the Smell as well 
as to the Tafte* We obfcrve, on the contrary, that 
whatever promotes the Evaporation of the Matter* 
wherein volatile Salt abounds, whatever opens their 
Principles, alfo makes them more odoriferous. 
When Meat is dreffing, the Aftion of the Fire di- 
rts, fubtilizes them, and puts them in a 

State 
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State of Exhalation, and then the Scent becomes very 
fcnfible. When we mingle Sal Ammoniac in Powder 
with Quick- Lime, or with Salt of Tartar, the urinouf 
volatile unfolds, raifes itfelf, and fmclls very ftrong. 

For the fame Rcafon Fermentation, or Putrefac- 
tion, always make thofc Matters fmcll very ftrong, 
which in their natural State fmcll very little, or no- 
thing, and they generally chaijgp the Quality of the 
Odours* For thcfc inteftinc Motions, give occafion 
to the Parts to difplace one another, and to difunite. 
If this Difunion does not go fo far as to decompound 
the little Cluftcrs, and to change the Nature of the 
Mixture as it begins to ferment ; it becomes only 
more odorous, becaufc it exhales in a greater Quan- 
tity. But if the Principles themfelves, which com- 
pofe the integral Parts, come to feparate, not only 
the Odour becomes ftronger and more penetrating, 
becaufe the Organ will be aflTcfted by more fubtilc 
Parts i but the Senfation alio will be of another Spe- 
cies, becaufe it will be excited by Corpufcles of a dif- 
ferent Strufture, wherein the faline Part, which is 
the principal Agent, will be more or Icfs abundant, or 
more or lefs opened. Fruit as it grows rotten, FIcfli 
when it corrupts, exhale Odours more and more dif- 
agrecable, not only becaufe they are ftrongcr, butaJfo 
becaufe they become more fetid, the farther the Cor- 1 
ruption proceeds. ^| 

Odours are ftill Icfs to be defcribed and charac- 
terized than Savours themfelves. We arc hardly a- 
greed on any fundamental Senfations of this Kind, 

Wc 
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'We content ourfelvcs wkh reducing thofe that are 
^defs known, to thofc that are more fo ; as to the 
^b'ume of Sulphur, to that of burning Linnen, to the 
BVapour of Urine, to the fmell of a Violet, of Citron^ 
fbf Amber, fc?r, without any Pretcnfion however, 
riiat thefc different Exhalations are fimple Odours. 
It muft needs be, that the Corpufclcs, capable of 
loving the Organ of Smelling, are fufceptible of a 
prodigious Divifibility. We may judge of it by the 
criment, and by fome Obfervations, which we 
ivc produced in the Erft Lefture •, to prove in gc* 
leral, to what an immcnfe degree Bodies arc divifibic, 
"hcfe little exhaled Parts float in the Air, and 'tis 
[this Fluid that carries them to the inward Parts of 
Ithe Nofe, where the Organ is fituate ; when by Ref- 
jiration we determine it to pafs this way. 
The internal Fart of the Nofe is covered with % 
[Membrane, which Men of Art call Pituitary. 'Tis 
[a Texture compofed for the mofl Part of the Fibres 
[of the olfaflory Nerve, which is generally acknow- 
hedged to be theSubjcft of Odours. Thefe nervous 
[Fibres, terminate at the Superficies of the Mcm- 
[brane, in the form of little Nipples, upon which the 
llmprcffion of the odoriferous Corpufcles is rnade^ 
See Bg. 13* This in fhort, is the Org^n of Smell- 
ing; a longer Dcfcription would be improper here. 
Thofe who would be inftrufted more at large, will 
find it much to their Satisfaftion in the Trcatifc of 
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M, k Cn/, which we have quoted above ; lUb in 
M. Winfis^% Aoatomkal Explaoadons, amd eUc^ 
where. We Ihall only add, that flnxig Odours, 
a too frequent Ufe of thtoi, harden (as we may by 
the little nervous Tufb to whkrh they aie applte 
and make them lofe that delicate Senfe, which thofe 
Perfons enjoy, who abftain from the Ufc of Snuff 
and Perfumes. We may alfo lofe for a Time the 
Ufeof this Senfe, when there is a fuperabund 
Humour, or when it is too thick, whic^ inftead < 
rooiftcning the Organ as much as is neceilary, 
keep it fupple and fenfible, choaks and fwtlls up it 
whole Subftancc. For then it not only ceafcs to 
in it*s natural State, and well difpofed to difcha 
it's Funftions \ but the Air, which paflcs with Difli-J 
culty, docs not carry with it the fame Quantity of 
Odour. This is what we find, and is ealily obfcrved, 1 
in that Indifpofition which is called a Dcfluxion from | 
the Brain, 

Wz fhall (iiy nothing here about the Hearing and 
the Sight, bccaufc we fhall have OccaCon to explain 
the Mechanifm of thcfe two Senfcs, when we come 
to treat of Sounds and of Light. It remains only to 
finilh this Dlgrcffion, by fome Remarks which may 
ftitl be made, upon the Senfes in general confidered 
in Man. 

I, Tho* according to the Intention of Nature, 
every Individual of our Species ought to make fuch 
Ufe of his Senfes as they were given him forj yet 
it is not to be doubted, but that all thefe Faculties 

are 
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af€ HOC in the fame Degree of Delicacy in all. 

Ther9 have been fome* whofe Smelling was as 
orquiiice as that of Hounds. Others could diftin<» 
guiih Objedls in Places fi> obfcure, as that People of 
ordinary Sight could not perceive them. Some 
Epicures find in Ragoflts and Liquors fuch different 
Flavours, as efcapc the Obfcrvation of common 
Palates. Such a Etegrec of Perfeftion in the Scnfcs, 
when it is not at the Expencc of fomc other Advan- 
tage more valuable^ ought to be looked on as one of 
Nature's Bleffings, But that the Senfibility of our 
Organs fliould be within Bounds, and that our Sen- 
£itions ihould not have the utmofl Extent they might 
have bad, b not a Misfortune to us^ and we have no 
Rcafon to complain of it. On the contrary, a much 
greater Delicacy of the Senfes than is commonly 
found, would expofc us to many Inconvcniencies, 
unlefs at the (ame Time a Reformation was made in 
the Obje<5ts which have been uftd to affed them, and 
ihit we ihould alfo change our Manner of thinking. 
Too much Light hurts our Eyes, fuch as they are 
now. If they were more nice, an ordinary Brighc- 
ncft would be always too much for them, and wc 
(hould never fee without Pain. Would it be agree- 
able always to feeObjefts in the Manner we fee them 
through a Microfcope ? The fineft Skin would then 
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appear nothing dfc but a rough Tegument, every 
where full of Blotches and Wrinkles. And the 
brighteft Diamond would fliew us only lU-pfcpared 
Faces, and without Beauty or Symmetry. And this 
Reflexion may caGly be applied to the reft of the 
Senfes. 

2, It often happens In theUfe of theSenfes, that 
though the Organ may be fufficiently afFcfted by the 
Objedt, yet the Senfation has not it's EfFeft in refpeft 
of the Mind. How often does it happeni that one 
may have his Eyes open upon an enlightened Otgeftt 
and yet not fee it ? Or that one may fpeak loud 
enough to a Pcrfon that is not deaf, and yet he may 
not hear us? All the Bodies that touch us, or which 
we touch by Chance, do they therefore come to our 
Cognizance? 'Tis bccaufe in order to know what 
touches us, we muft feel it. In order to hear^ we 
muft hearken. In order to fee^ we muft behold. 
But to feel, to hearken, to behold, is not only to 
fuffer the Objeft to zdt upon the Org^n -, it is to job 
the Attention of the Mind, to the Exercife of the 
Senfc which is in Funftion. An abfent or unattcn- 
titc Man often behaves like a deaf, blind, or infcn- 
fible Man. Who is it that does not know the EffirfU 
of Abfcnce of Mind ? 

3, The Seniations, as we have obfcrvcd before^ 
excite our Ideas, and thefe Ideas are agreeable or 
difpleafing to the Soul that conceives them. But 
what is more remarkable is this, that the fame Ob* 
jeft is the Caufc of plcafure to fome, and is difagree* 

able 
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tile to others. Some Pcrfons love Bitters^ but the 
jrearcft Number abhor them. Certain Odours plcafe 
kfe, and arc infupporcablc to thofc. This is what 
given Occafion to the common Maxim, That 
btre can be no Difputc about Taftes. But (till far- 
ber: That Stnfation which gave me Uncafmcfs 
jmc Years ago, if now become plcafmg to me. Such 
;Man (hewed Difguft in drinking Beer, or in taking 
Tobacco for the fir(l time \ afterwards it became his 
)elight. The Scent of Muflc, which was all thc; 
Fafhion formerly, now gives a Man the Head ach. 
Are not the Organs nearly the fame in all Men ? And 
in the iamc Individual, are they liable to change from 
Time to Time? 

As it is a thing well known, that the organical 
Parts are more delicate in fome Perfons than in 
others, and confcqucntly more fufceptible of Im- 
prcflions i and that thc immoderate Adlion of thc 
Objed may be hurtfiji to them \ it may thence hap- 
pen, that what is only an ordinary Seniaiion for fome, 
may be for others a violent Irritation, truublcfomc 
and difquieting to thc Soul, which watches for the 
PrcTcrvation of the Body, and which i& dtfgudcd at 
every thing that has a Tendency to difordcr the ani- 
mal CEi!Conomy. 

But it mud be owned, that the Imagination has 
as great a Share as any other Caufe in all thefe Va* 
rieties. Objcds pi cafe us, or give us Difguft, ac- 
cording to the Ideas we have conncded with them* 
And thefc Ideas depend much on Habit, on the 
lion, and an Prejudices. We have heard ic faid 
VOL.L I by 
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by People whoiq we thouglit Men of TiiAe»^ ^ focli 
a Matter, while burning, produced a.good. Odour. 
This is enough to make ns like it whOi w^ try it. 
When we firft faw Oyfters, our Eyel would poffibly 
give us but a dilagreeable Repitl(»utipn sX them ; 
but by little and little there firft Ideas grow weak, 
and yield to others more pleafing^ which we con- 
ceived upon taking them. Thus as our Senfatioos 
partly depend on the Difpofition of the Org^, the 
Judgments which follow them are much influenced 
by the Difpofitions of the Soul. 
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Experimental Philofophy. 
LECTURE III. 



Of the Mobility of Bodiei ; of Motion^ of it's 
m Laivi and Properties. 
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SECTION L 

Of the Mobility of BODIES. 




E mud not confound Motility with 
Motion I thcfc arc two Things en* 
tircly different. The 6rft is a Pro- 
perty common to all Bodies i the 
other is a State out of which they arc often con- 
fidcrcd, and which is not cflential to them. I fomc- 
timcs rcprcfcnt to myfclf fuch or fuch a Matter as 
being at Reft, but I always conceive it may rcccirc 
the Motion it has not at prefcnt. 
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Mobility is founded upon certiiin Difpdfiiiom^ ' 
which are not found in the fame degree in alt Bodies. 
What makes feme have more Mobility thin others | 
is this» that we need apply Ids Force to tnake them 
pafs from Reft to Motion. The chief of thefc Dif- 
poGtions are Figure, Smoothnefs of Surface, and the 
Quantity of Matter contained under the Volume of ^ 
the Body we intend lo move. 

To conceive this with eafe, kt us reprefent to 
ourfclves fir ft two MaiTts of GUfs^ Ivory ^ &c. of i 
equal Weight, one of which is a Cube, the other a 
Bowl, both (ti upon a Tabic. Thcfe two Bodies 
Will only differ in Figure ; but this will be fufHcient 
to make the laft n>uch more apt than the Brft to re- 
ceive and prcfcrve Motion. Let us now give thcnti 
the fame Figure* without changing any thing in 
the Equality of their Maflls, Bat kt us only con- 
ceive, that the Surface of one is uneven, and that of 
the other fmooth. This Difference will make this 
Body more mobile. For Icfs Force will make ir 
move upon a folid Plain, or in a Fluid. Finally kc 
us fuppofc the two Bodies alike as to Figure, and iti 
the PuliHi of their Surfaces, but differing as to their 
Quantity of Matter j one for Inftance a Ball of 
Ivory, the other of Lead, both of the fame Diaroc- 
ter, fufpendcd alike, or fct upon the fame ftrait 
horizontal Plain. Muft not this latter be ftruck 
with more Force in order to move it, than the 
other ? Or the fame Force being imprefled on each 
of them, will it not find kfs Rcfittance in the lighter 
than in the heavier } 

This 
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This Rduftance to Motion, which we perceive 
in all Bodies, having Rcfpeft only to their Mafs, is 
called the Force of Inaftivity. It is, as well as 
Gravity, proportional to the Quantity of Matter 
I belonging to every Body. But though thefc two 
■ Forces have this in common with each other, yet 
wc cannot fay they are the fame Thing-, for there 
are Proofs to the contrary. Gravity, as we 0iall fee 
afterwards, always exerts it's Aft ion from above 
downwards, and as far as it may perpendicularly to 
the Horizon, Bur the Force of Inaftivity or of 
Sluggiflinefs, refills Morion which ever way we at- 
tempt to move a Body* 

To attain to a juft Idea of this Sluggiflinefs, 
let us rcprefcnt the Experiment propofed by 
Sir Ifaac Newton. Fig. i. Let us conceive a Body 
of a determinate Magnitude and Weighty for Ex* 
ample, a Ball of Lead of a Pound Weight, fufpended 
freely by a long Thread in a quiet Air, and another 
like Ball of Lead fufpended in the fame Manner, 
which ftrikes againft the Brft with four Degrees of 
Velocity. If the Ball at Reft gave no Refiftance to 
that which ftrikes it, after the Stroke wc fhould fee 
them both move with four Degrees of Velocity. For 
why (hould the Motion diminifti in the Ball that 
ftrikes, if it met with no Refiftancc from the Ball 
that is ftruck ? And why fliould not the Ball that is 
removed, be removed by the whole Motion of the 
Ball that drives it on ? But Experience teaches us 
quite another Thing. The Ball at Reft receives from 
\^u which ftrikes it only a Part of it*s Motion i and 
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this laft lofes by the Stroke what the other appfOMi to 
have acquired. Therefore a Bp^y at I^eft mokes ^^ 
real Refiftance to that Effort, which eiyleaYpun to 
move it. But farther dill. If the Ball at Reft» Fig. 2. 
weighs 30 or 40 Pounds, the other Ball^ which 
I\as then a much lefs Mafs, with the fame Effort 
does not carry it fo far as in the foregojng Cafe. 
Yet if to move any Body whatever, nothing clfc was 
required but to make it lofe it's Srate of Rtfl: i the 
Motion communicated would b^ the fame whether 
in a greater or in a leflfcr Mafs. Therefore thpre is 
fomething more to be overcome, than a n^cer Priva- 
tion of Motion. 

Can It be faid, that the Ball at ReCt refids for no 
other Reafon, but becaufe it is fupporced by the Air 
that fur rounds it, and which mud be Brll removed 
before it can change it's Place ? But firft, Bodjes 
that are (truck in a Vacuum ihew the fame thing as 
in the Air •, or if there is any Difference, it is not 
icnfible. 

Secondly, theRefiftanceoftheAir itfclf majcesa 
Part of the prefcnt Queftion •, for we are treating of 
the Sluggifhnefs of Bodies in general. If the Air, 
as Matter, gives a Refinance tp the Motion of the 
Bodies which endeavour tq difplace it, and diis is 
agreed on, it*s Sluggifhnefs is proved. 

Thirdly, if the Refiftance made by the Ball at 
Reft proceeded only from that of the Air, by which 
it is fupporred -, to refift as much again it muft anfwcr 
to a Volume of Air as big again. But the Faft is, 
that It is enough to double the Weight of the Ball; 

and 
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and it is well known, that a fpherical SoIid« in order 
to have a double Mafs, muft not acquire a Surface as 
big again as it had berore. 

Can it be then the Gravity of the fufpendcd Ball 
that can oppofe icfclf to it's Removal ? Of whatever 
L-cngrh the Thread is fuppolcd, it may be faid, if 
the heavy Body which it keeps fufpended is free, ik 
will keep it ftretchcd in a vertical Situation, and will 
place itfelf in the loweft Point which the Sufpcnfion 
will fuffcr it to obtain. Whence it follows, that if 
we force it from thence, to whatever Place it.is car- 
ried round about, it will (till be higher*, and to 
carry it thither it*s Gravity muft be overcome, which 
Endeavours to keep ii where it is. 

This Objeftion is fpecious, but not fufficient to 
prove, that the Force of Sluggilhnefs and of Gravity 
arc the fame thing in Bodies •, if wc do but confidcr, 
that in the fufpended Balls of the Experiments referred 
to, the RcCftance is always proportional to the Maflei 
eftimatcd according to their full Value. Whereas the 
Gravity, at the Time of Reft, is reduced to nothing 
by the Thread which fufpends the Ball \ and that 
it hardly ads at all when the Ball is put in Motion^ 
if the Thread be very long, as we fuppofe it to be 1 
and that we only make it defcribe fmall Arches 

To make this more intelligible, let us fuppofe the 
Ball at Reft at the End of the String which keeps it 
fufpendcd. Then the whole Effort of Gravity is 
overcome by the Refinance of the Point of Sufpen- 
lion. If we pufh it with the Finger into an Arch of 
a Circle, in Proportion as it withdraws from the 
' I 4 l*lace 
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Fbcc of Reft, we may perceive that k ywkam 
more and more upon cbe H«iid that dticds k i (b 
that if the Thread becomes Horizoocal, k maka 
it's whok Weight to be pexocired. And when we 
guide k in dcicendirg through the fiune Arcli of a 
Crcle, we feci the Effort of Gravity to decreafe pro- 
portionally, till the String becomes vcrcicaU and chit 
the Point of Sufpenfion is then loaded with the whole, 
We may conclude then that the Ball in qoeftioa doc^ 
not refill as it is heavy, but when the Thread is dq 
longer vertical^ or when it has paflcrd from the lowcft 
Flace^ to another that is higlier. This Removal 
then muft nectffarily precede the RcfiOance, or the 
Endeavour, which proceeds from Gravity. But m 
tBc& this Removal, a real Foroe muft be employed, 
capable of overcoming and rtmuving the whole Maft 
of the Ball. For, if the Force fo employed is too 
little, it is neverthelcfs a real Force -, and yet it has 
not the required £flFc<5t upon a fojid Body, the Parts 
of which are united together. Thus the fufpended 
Ball has given a Rcfiftance, which it was neceffary 
to overcome, before it's Gravity coqld be per- 
ceived. 

Also Fluidj refifl as well as otlier Bodies. When- 
a Solid is mpvc(i in Water, according to an horizon- 
tal PireAion, it cannot be faid that the Refiftanoe if 
finds, proceeds from the Gravity of the Medium 1 
fince all the Parts of this Medium, ^hjch we fuppofe 
to be homogeneous, are in Equilibrium with one a- 
pother, and that we have nothirig to expe£b froOK 
fh^ir Weight j fince we can remove them ac^ordingj 

Wi 
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D a Diredion, which is indifFcrcnr to them \ fuch as 
re have foppofcd. 
Finally the Force of Inaftivity is difcoverabic 
Bodies in Motion^ as well as in thofe, which are 
Reft. That which moves with only two Degrees 
if Velocity will not receive a thirds till a new Effort 
>e made, in order to give it this new Degree. The 
iimc Rcfiftance, which oppofed the firft Forcc^ 
lat took away it's Heft, it alike employs againft 
ar^ which would make an Addition to it's new 
katc. Wherefore after having produced the Expc- 
inncnts which prove the Force of Inaftiviry in Bodies 
t Reft ; I (hall add one, which to me appears de- 
ifive, and which will not fuffcr us to confound the 
tSeds of Sluggifhnefs or Inactivity, with thofe of 
ravity. 

g X P E R I M E N T I. 



Pkeparation, 

Thi Machine, which is reprcfented by Fig, 3, at 
iie Diftancc of fix Feet high, carries two Ivory Balls 
and B, etch of an Inch and half Diameter, and 
jincd together by a little Piece of Wax. The Ham- 
ZT D, which is of the fame Matter as the Balls, is 
guided by a Spring, which is more or Icfs bent *, and 
rhich unbends when the String E is drawn, and 
ikes the Hammer (bike upon either of the two 



EfF ICTS. 



l%% Le&ures in Experimental Pbil^6pfy, 
Effects. 

• • .11 

f 

H^ ONE of the two Ivory Balls, being ftnick by 
the Hammef, parts from A which is the other, and 
goes before it in falling. 

ExtLANATlONS. 

' Ii the two Balls, when feparated from one afi* 
other,; complied only with their Gravity, as we fop- 
pofe that they brgm to &H at the fame ttnoe^ that they 
are a)ik< in every things and move in the iame Air i 
it is certain that they muft arrive together at diie 
Plain, which terminates their Fall. But oiie of 
them having received a Blow with the Hammer, 
which adds to the Effort of it's Gravity, obeys 
likcwifd this new Impulfe, the EfFeft of whfch is to 
make it outgo the other. And this Prcccffion is ftill 
the greater, the fmarter the Stroke is, which it re- 
ceives from the Hammer. This is now a new Efftfl, 
whi^unnot be imputed to Gravity, finoe to pro- 
duce it, a particular Caufe was applied, without 
which it would not have been, and of which it fol* 
lows. the Proportion «caAIy . NOw whatever de^royt 
an adive Force is called Refiftance. Therefore a 
Body, which falls freely, rcfifts a Motion, which is 
more quick than that of it's Weight, and does nor 
receive it tbut by another Power, the A&ioa of 
which is fufccptiblc of all Degrees of more or lels. 
I - Applications. 
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Ir we ihrow a Stone with our Hand againft a Tree 
of a moderate fize, it wil! there caufe an Efnotion, 

_ which paflTcs direftly to the Branches \ and the Stone 

vfalls at the Foot of the Tree» without any farther 
Motion. Such a Stone thrown againft a Rock 
ftanding by itfclf, falls back in like manner* 
but we can perceive no Motion commuoic;ated to tho 
Rock. We fee imracdiateiy the Caufe of tbis Dif- 
ference, if we confidcr, that whatever is material 
oppofes u*s Inaftivity to the Shock of other Bodies -, 
and that this Force, by which it refifts Motion, is 
always proportional to it'sMafs. If we fuppofe the 
Stone movtd fucceflivdy with the fame Violence both 
againft the Tree and the Rock, the firft having much 
Ids Matter, made too weak a Rcfiftance entirely to 
dcftroy the Force, which urged it to move, and 
therefore was fomething difplaced ■, which difplacing 
was made fcnfible by the fliaking of the Branches. 
The other having a much greater Mafs, made a more 
complcat Refinance, and was therefore, as we may 
fey, vidorious. And the Effort of the Stone being 
diftributed but to a certain Number of it's Parts, 
was not fufficient to be extended to them all in 
a fenfible Manner, or fo as to move the whole 

^Body. 

■ We have fcen above, that a Ball of Lead weigh- 
ing one Pound, which hits againft another Ball of 

the 
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the fame Matter and Weight, gives it a certain 
Quantity of Motion ; and that it gives Jcfs MotioQi 
or to fpcak more properly^ it lefs difplaces a thi 
Ball that weighs 30 or 40 limes as much. We con 
eluded from thence, as we ought, that this latt< 
Body, having more Matter, refilled more. From 
whence it follows, that the greater the Mali is, the 
greater Refiftancc it will make \ and, laftly, that it i 
may have fo much, as that the Effort it has to fuflain, 
may not fufficc to be fcnfibly diftributcd into all it's 
Parts. But the Body cannot be removed, unle& all 
jt^s Parts remove together. 'Tis therefore for this 
Rcafon, that the Inaftivity of Bodies preferves fom^H 
fenfibly at Reft, againft the fame Attempt, whicl\^ 

would put others in Motion, 
1/ ti . 1. 
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SECTION 11. 

MOTION in general, and ift 
PROPERTIES. 



E call Maiion that State of a Body, when 

it is aftually transferred from one Place to 

lothcr, whether we confidcr it in the whole, or 

rhethtr we have Regard to it*s Parts only. Thus 

jic Boat, which we deliver up to the Current of the 

liver, is in Motion i becauic it changes it^s Place 

^ntinuaily. And wc cannot deny that the Wings 

a Wind Mill move, tho' they turn about in the 

ic Place i bccaufc each of thcfn paflcs fucccffively 

trough all the Points of the Circle, which it 

iefcribes. 

As often as a Body is tnovcd, it changes it's Si* 

cion in refpe£t of the Bodies that furround it^ 

fhcr near or far off. A Man, for InHancc, that 

fsin a Coach, or is carried in a Boat, changes con- 

lually his Refaiion, if not to the Pcrlbns that ac« 

>mpany him, yet at Icaft in refpcd of the fcveral 

aces he paflcs through in his Journey* 

I Ir 
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If I perceive that on my left Hand, which was 
before on my right Hand^ I may then conclude with 
certainty, that there has been a red Mocton $ bot 
this Change of Relation is not itielf enough txi in* 
form nie, whether it be myfelf who have paflcd 
from the Place I poflfefled to another. For the 
iame Effed would happen if I had been conllantly at 
Reft, if what I had round' about me had changed 
it's Place. Whether the Sun. goes about the Earth 
in 24 Hours, or whether the Earth turns about itfdf 
in the fame time, and preferib fucceffively all the 
Points of it's Surface cowards this Luminary, it will 
be the fame Thing as to Appearances. And chat 
Syftem which imputes real Motion to our Globe, Jn 
order to explain the different Afpefls of the Heavens, 
would neVer have been any thing elfc but a mcer 
Hypothefis, and would have had no Advantage over 
the contrary Opinion, had it not been otherwife 
fupported by ftronger Reafons, than the relative Po- 
fitions of the heavenly Bodies to the Earth. 

There are three Things to be chiefly conGdered 
in a moving Body •, it's D:re£lion^ it's Vchciiy^ and 
the ^antitj of it's Motion. 

The Diredlion is expreflfed by the right Line that 
a Body dcfcribes, or attempts to defcribe by itfs 
Motion. For tho' it runs through a Space, whidi 
befides it's Length has the other Dimenfions which 
it has itfelf ; yet, as if it's Matter were reduced to a 
Point, in it's DireAion nothing elfe isconfidered hot 
the Path dcfcribed by this Point alone. ' Therefore. 

by 
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^by aaming only two Terms, we flbcw without tny 
^Equivocation^ in what Manner a moving thing is 
"dircftcd. As when we fay, fuch a River runs from 
Eaft to Wcft» Such an Ohjcfk paffcs from right to 
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Whew a Body begins to move, 'tis always in a 
right Line, which it continues to purfuc as long as It 
can. And when it is obliged to leave it, it begins 
to defcribc another of the fame Kind, which it docs 
not forfake, but when it is forced to dircft itfelf 
otherwtfe \ but always in a right Line, as we ihall 
Ihcw afterwards. So that when a Motion is per- 
formed in a curve Line, this Curve is nothing clfe but 
a SuccclTion of little right Lines differently direftcd* 
The Sling which we make to whirlc round in a 
Circle^ pafles through an infinite Number of Direc- 
tioms, and the Circle it dcfcribes may be conGdercd 
as a Polygon of an infinite Number of Sides. 

As many different Names art given to the Direc- 
tions of Bodies in Motion, as belong to the relative 
Pofitions of right Lines, We fay, for Example, 
that fuch a Body moves cbliquefy^ parallelfy^ pcrpen^ 
Jkularfy^ &c, to the Horizon, or to fuch or fuch a 
Plain, The DireAion of Rain is oblique to the 
Horizon when the Wind blows. 

Thi Velocity of Motion, is known by the Space 
which the Body paffcs through, and the Time it 
taka up in paffuig. To have a didinA Idea of his 
Vdodty, it is iiot enough to fay, that a Man has 
iraveUed ten Leagues ; we muft know likcwifc in 
how many Hours he did it. 

BsSIDtSf 
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BisiDKS^ when the Qucftion ti about rthtivt 
Velocities, it is not enough to compare the Times, 
or the Spaces only, to know b What Rario the Ve- 
locities of two Bodies a^c t we muft divide the 
Spaces by the Times. And if we find, for Example, 
that in equal Times each of them has defcribcd a 
Fathom, we may conclude there was an Equality of 
Velocity. And on the contrary there was an Inequa- 
lity of Velocity, if one of them takes up more Time 
in defer ibing a given Space ; or if in a given Time 
it docs not defer i be fo long a Space as the other. 
The Hands of a Clock or a Watch move round the 
Dial-Plate, TKey pafs over the fame Space, but the 
Hour-Hand takes up 12 times as much Time as that 
of the Minutes. The latter then has 12 times as 
much Velocity as the former. Or elfc in taking the 
the Time of 1 2 Hours for a common Meafure, we 
Ihall fee by comparing the Spaces dcfcribrd together^ 
that the Minute* Hand paffes 12 times through that 
Space, which the Hour-Hand paffes through but 
once, which comes to the fame thing as before. 

Tm e Velocity of a Body is often confounded with 
it's Motion, If we make a Piece of Cork to turn 
about as fad again as a Piece of Lead of the fame 
Volume, it is commonly faid, that the Cork has 
mod Motion. But this Exprefllon is not accurate, 
and we (hall fee quickly, that more or lefs Motion 
does not proceed wholly from the Degree of Velocity. 
Yet even thofc who are not ignorant of this, fome- 
times conform themfclves to common Cuftom } and 
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we lay, zn uniform^ accekrattd^ or refardcd Motion '^ 
tbo* thcfe Modifications ought always to be undet- 
ftood ot the Velocity of the Motion. 

Uniform Velocity is that, when a Body de- 
fcribcs equal Spaces in equal Times. As if a Bowl 
[ running upon a Pkln, lliould dcfcribe one Furlong 
in a Second of Time, another Furlong In the next 
Second^ a third Furlong in the third Second, and fa 
on. So that the Times and the Spaces dcfcribcd may 
always be equal to one another. We eafily conceive 
this Uniformity to be poffiblc i but in the natural 
Stare of Things it is hardly ever to be found, by 
reaibn of the inevitable Obftacles, of which we fhall 
difcourfc hereafter, 

Wi call accelerated Velocity thatof a Body, which 
fin equal Times meafurcs out Spaces that go on con- 
tinually incrcafmg. Or clfc Spaces that are equal 
to one another, but are defcribed in Times that de*^ 
crcafc more and more. As a Stone which falling 
freely, will go fafter and fafter towards the End of 
the Fall than at the Beginning. 

If on the contrary equal Spaces are not performed 
but in Times that incrcafe more and more i or fup* 
poling an Equality of Times, it the Spaces defcribed 
go on always decreafing •, this Velocity will be called 
retarded. Such is that of a Ball rolling on the 
Ground, which goes flower and flower till at laft it 
comes to Reft. 

The Quantity of Motion is eftimatedby theMafa 
and the Velocity taken together j fo that by multi- 
plying one by the othcfj we may exadly know the 

V O L, L K Ratio 
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Ratio tf the Motions of the two Bodies wc woaM 
compare, Suppofi*, for Example , that one of the two 
has 100 Grains of Matter, and the other 500*, and 
that both of them move with 4 Dtrgrecs of Vcjocity. 
The Quantity of Motion in the firft will be 100 ^4t 
6t 400. And in the other it will be 500 3>f 4, or aoco. 
Thus thtfc two Quantities of Motion con^ pared, 
will be as 400 and U)Oo. We may eafily pnceivc 
the Reafon why we muft thus tftimate the Qtiantity 
of Motion, when we oonfider, that all the Velocity 
with which we make a Body to move equally^ be- 
longs to all the Parts of ii*s Mafs. For if I putt 
whole Body in a Condition of deicribing a Furlong 
in a Second of Time, I fhall determine it*s Velocity 
by that, but I imprcfs thii Velocity on all the Pares 
whirh compofe this whole Body. So that if after 
the Impalfe received they (hould happen to difunrtc, 
we cannot conceive that any of them will beat Rdl. 
On the contrary wc perc<rivc\ that all of them equally 
obeying the fume Caufe >^hich has determined them 
to movr^ they will continue to perform tparaodf 
i^hat they had begun in common ; abftrafting how- 
ever from the Obftacles, which increafc in Cooie* 
quence of thi$ Difunion, and which we (hall exflkm 
el few here. 

A Body in Motion may move others, and this 
Faculty is likewife relative to it's M16 and 10 it's 
Velocity, io that one of them may be rccompcnccd 
by the other. For that whofc Mafs is but (mall may 
make as great an Effort with much Velocity, as the 
Other can make with lefs Vclonty, if it has a greater 

Mai's. 
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Mais. Wjth a fnrvall Hammer which ftrikes fmairtly, 
one may drive the fame Nail as far as one can with a 
larger Hammer that ftrikes but flowly. A fmall 
Stick does not hurt fo much as a large Cane, tho^ 
both ftfikc wich the fame Velocity, 

The Motion of Body, when it is made Ufeof to 
move orhei^, whether it has only a Tendency to move 
them, Of whether it does adually move ihcmj ts 
called a Powtr^ or a mcving Force. 
I It has always been thought that this Fbrce, in all 
Cafes indiflfcrcDtly ought to be eftiraated, like the 
Quantity of Morion, by the Mafs and Velocity con* 
jundly. And indeed, if a Body is urged to move, 
whether it does really move, or whether it is with- 
Ixcld from Motion by Obftacles, we can find no- 
thing elfe in it but it*s Velocity, mukiplicd as often 
as it has folid Parts ; or (which is the fame Thing) 
che whole Mafs multiplyed by it*s fimplc Velocity. 
And wc cannot perceive, either that invincible Op- 
|)ofitions, or a Liberty of Aftion, can make any 
Change in the Quantity of Matter, or in the Im- 
pylfe that has once regulated the Degree of it's Ve* 
k>cicy. 

YiT feveral famous Philofophcrs have embraced 
the Sentiments of Mr Leibnitz^ who was the fitft 
chut cftablifhed a Diftinftion between the moving 
Force, which is overcome by an Obftacle, and that 
.which ads agatnft a Refinance that gives way. The 
firft ihcy call dtad Force^ and they are agreed that it 
PDght to be valued as the Quantity of Motion, by 
multiplying the Mafs by the fimpk Velocity. As to 
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the laft, which they call live Force, they pretend, 
that to cftimate it according to it's juft Value, th^ 
Mafs mull be multiplied, not by the fimple Velocity, 
but by the Square of the Velocity j that is to fay, by 
the Velocity mukiplyed by itfelf. If, for Eaomple, 
the Velocity is 3, it is not by 3 that the Mais muft 
be multiplied, but by 9, or three times three. Ac- 
cording to this Opinion, a Body which ads againft 
an Obftacle, having it's Mais 2, and aq Impulfe to 
regulate it's Velocity at 4, has but 8 Degrees of Force 
while the Refiftance remains vidorious ; but no 
fooner does this Refiftance come to yield, but the 
Force to which it is obedient becomes alive, and 
from 8 mounts to 32. 

We may well conclude, that a Philofopher fuch 
as Mr Leibnitz was, and fo great a Machematiciao, 
was not determined rafhly to introduce a Principle of 
fuch Novelty, and which appeared to be of foch 
Confequence in Mechanicks. He has even pro- 
claimed it by a pompous Title, which (Kewed bis 
Confidence in it*. And indeed, he has fupported 
his Theory by Experiments, and by fuch fptdous 
Arguments, that we cannot be much furprized that 
he has found Defenders, even among the Philofo- 
phers, the moft able and the beft informed. But we 
cannot but obferve likewife, that the greatcft Nam* 
ber have rejeded this new Doctrine, and look upoft 
it as a Paradox. And that after long ExaminatiooSi 

* Brevis Demonfiratio Erroris memorabilis Cor/^*, ct alionou 
Aft. Lipf. 1636. p. 161. 
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the grcateft Part have been of Opinion, that we muft 
rather endeavour to reconcile the Phf^nomena which 
(erve for Proofs of Mr Lcibnit%*% Notion, with the 
Principles that are known and generally admitted, 
than to receive a Novelty which does not feem to be 
conneflcd with thofc clear and diftinft Ideas, which 
we had hitherto of the Motion of Bodies. 

We do not think ourftlves obliged to make a 
Scrutiny into this Qucftion, in a Work wherein we 
propofc only to eftablifh fudi Principles as are the 
lead contefted. The feveral Pieces of this fiimous 
■ Difpute are better laid open than we can pretend to 
do, in many Works already printed and well known. 

>I lliall mention but two, one is the twenty- firft and 
laft Chapter of a Volume in Oftavo, printed in 1740, 
under the Title of Ipfjlitutions of Phyftcks\ in which 
a Lady, as much to be regarded for her Learning 
as her Birth, has fee in the beft Light with the 
greatcft Ingenuity, whatever can be faid in favour 
of the living Forces^ The other is, A Hijfertation 
upon the KJlimation of the moving Forces of Bodies ; in 
^ which M. de Mairan^ who is the Author of it, 
^recites a Memoir, which he had read to the 
Academy of Sciences, in 1728. In this he op- 
pofes the Opinion of living Forces by very ftrong 
Reafbns; and explains very intelligibly, and upon 
the common Principles, whatever appeared not to 
be capable of it, but by admitting the Principle of 
fJlt Leibnitz. 
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However I muft not omit, (and this is one 

of the Realbns, which difpenfe with mc, for not 

farther infifting op this Queflion) that though the 

Sentiments ^re divided about the Manner of valuing 

the Force of Bodies in Motion, yet they are perfcd- 

ly agreed about the Produoe of thefe Forces, and 

about the EflFc6ts, that will rcfult from them. Thofe 

who do not receive Mr Leiiniiz^s Diftihflion, agree 

however with the Defenders of living Forces, that 

the EflPeAs are quadruple on the Part of a Body, 

which moves with two Degrees of Velocity, in Com- 

parifbn of that, which has but one. But, fay they, 

'tis not becaufe 4 is the Square of 2, that this EffcA 

follows. 'Tis only becaufe the Body, which has a 

Degrees of Velocity makes an Effort, which is re- 

peated twice as much as that of a Body, which moves 

with one Degree of Velocity. And it mud be owned, 

that if we make the Confidcration of Time to enter 

into the Examination of the Fafts, which arc 

brought, as Proofs of the living Forces •, we (hall 

then find ourfelves in the common Road i and the 

Square of the Velocities has no longer a Place for the 

Eftimation of Forces, which are only retarded by 

Jlcfiftances, which yield ; but to value thofe, which 

aft againft invincible Obftacles. 

It follows from this Conceflion, and from it^ 
Reftriftion, that if the Affair of living Forces be 
not a Queflion about a Word only, at leaft it may 
be faid, that it is not of fb great Confequencc in Mc- 
chanicks, as it feemed to be : And that we mly 
fftimatc indifferently, and without any Error in 

Praaicc, 
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Practice, ihc Force of Bodies by the Qoantiry of 
Motion, that is, by their Mafs and by their fimple 
afflual Wlocity, if they really move: And, if they 
arc retained by invincible Obftacles, by their Ttn- 
dency to Motion, which is as their Mafs and their 
initial Velocity ; that is, the Velocity with which 
ihey would begin to move, if the ObftacJe were to 
give way. 

REsr'n the State oppofite to Motion. 'Tis therC' 
fore the State of a Body, which pcrfcveres in the fame 
Relations of Situation, with the ObjcAs that furround 
it whether near or a far off. I fay near or a-far oflF to 
(hew, that we arc here concerned about abfolute 
Reft : And that we do not confider as fuch, the State 
of a Body which is carried away with whatever fur- 
rounds it; as a Man, who travels with three other 
Perfons in the fame Coach* For, though he may be 
at Reft relatively, and in Refpe«5l of thofe that ac- 
company him ; he is not fo in Rcfpeft of external 
Objcfts. 

Yet this Kind of Reft, which we have now ex- 
cluded, is perhaps the only one, which we ought to 
admit, to fpeak rignroufly \ for if the whole Globe, 
that we inhabit, turns continually about it's Axis, 
and at the fame time defcribes an Orbit about the Sun, 
as it is very probable \ there is no Body upon ic*$ 
Surface but what partakes of the Motion, which is 
common to all it's Parts, And if any thing appears 
CO be at Reft, 'tis only relatively to other terrcftrial 
Objc£ls. But as whatever furrounds it in this Re* 
^cd is extended as far as our whole Sphere \ ychen 
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we only compare terreftrial Bodies with one another^ 
we may confider, as abfolute, the Reft of that Thing, 
which does noc change ic's Situauon ia re^eft.. of 

RssT has not it's Degrees as Motfen has, nnlefi 
when we confound it with the Force of Inadirity. 
It is always as much as it can be. But it may hap- 
pen, and what is very common, that a Body maybe 
at Reft if confidered as a Whole, and yet it's Pkrts 
may be in a^lual Motion. A Block of Marble, 
which IS expofed to the Htrat of the Sun, does not 
change it's Place, but all it's Parts are in Agitation. 
For all Natural ifts agree, that one of the chief 
Effcdts of Heat is, to put in Motion the Parts of tlip 
Wafs, upon which it afts. 
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Of theLaws of SIMPLE MOTION. 



nrHE Laws of Motion arc certain general Rules* 
^ according to which all Bodies are conftantly 
moved, when they comply with any moving 
Force. 

Simple Motion is, when a Body complies with 
one Force only, or which tends but to one Point 
alone. Sach is that of a Man who glides in a Right- 
Line upon a Canal of kc : Or that of a heavy Body, 
which it*s own Weight makes to defcend along a 
Line perpendicular to the Horizon. Such a Motion 
Is the Effcft of a fingic Impulfc, or of fcveral, which 
fuccced one another in the fame Direftion. 

TBe firft Law of SIMPLE MOTION. 

Eve RY Body, which is once put in Motion, continues 
to move in the Dircdion, and with the Pegrec of 
Velocity it has received j if it's State is not changed 
hy fome new Caufe. 

This 
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This is as much as to fay, that if the Body de- 
parts from the Right-Line which it has once bcguo 
to describe ; if k*s Velocity is cither accelerated or 
rowdcdv thcfc Changes mufl proceed from fomc 
particular Caufes, which determine i( otherwife, 
which add to, or which retrench from it's Motion* 
without which the firft Caufc would not ccafc to have 
it*$ full Effeft, For why Ihould it*s State fuffcr any 
Change ? The Force of Inadivity, which kept it at 
Rett a$ long as it could, and which was to be over* j 
come in order to put it jn Motion, makes it after* ^^ 
wards refill' any Variation as much as it cah. And 
tM^ Refinance muft again be overcome by fomc 
pofitire Forc^, before we fhall find any Degree of 
more or left in the State of the Body. 

But why fhould Nature make itfclf a Law, which 
|s never to have an Effcft ? Or rather. How can wc 
alTign to Bodies in Motion, a Conftancy of Direftioo 
and Velocity ^ which does not reprcfcnt Nature as 
ihc appears to be ? Has any one ever feen a Motion 
without Alteration, and which makes itfclf perpetual 
without a Neceflity of being renewed ? A Body ilic 
moft in Motion, and the mod violently agitated, 
does it not at laft come to Reft, after fbme deter- 
minate Time ? 

It muft be owned that we have not any Eaperi- 
mciit in our Power, that can prove in a direft and 
pofitive Manner, what is declared in this firft Law 
of Motion. 
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But firft we haw Ihcwn above, that whatever 
Stare a Body is in» it endeavoors to continue in iCt 
by what we have called tht Force of Inaftivity. 
This Principle faffices to eftahlifli the Law in Quc^ 
ftion ; becaufe by abftrafting from all foreign Re- 
fiftance, wh6n once a Body is in Motion^ we can 
fee nothing in it to rcfift the Impulfc it has received, 
nor that can deftroy that Inafti^ity, which with- 
ftands a Change of it's Sratc. 

Secon DLY, if it be true that Bodies always loft 
their Motion after a certain Tiine, it is not lefs true, 
that we always know the Obftacles, which make 
them lofc it. And becaufe that inevitable Refiftances, 
(tho* foreign to them) make the Motion of Bodies 
to ceafc ; would this be a Reafon to conclude, that 
Motion is of fuch a Nature as never to be able to 
ftop ? Ought we not rather to judge quite the con- 
trary, even upon this very account, that riiere is 
abfolute need of pofitivcRefiftances to make it ftop? 
Let us fee then what thefe Caufes are, which make 
Motion to ceafe ; and let us choofc fuch by way of 
Preference, which are fo conncfted with the State of 
I^ature, as that they cannot be a?oided. 

First, In whatever place, or in whatever Manner 
we make a Body to move, it is always found in fome 
Fluid, whicb in this Refpeft is called a Medium^ 
which it is continually obliged to pufli before it^ 
to make itfelf a Paffage. And as this Medium b 
material, it gives a continual Rcfiftancc to the Body » 
which endeavours to difplace it. The Body then 

cannot 




thto if I divided them in an equal time by tJic 

of niy Hand i tnd I lhall aJfo find more R^^ 

fiftance. 

Tm Maft of this Portion of the Medium to be 
itmovcd, beirvg determined by it's Denfity, and by 
the Magahudc of the folid Surface that puQics it ; it 
muft be fo alfo by the Velocity of the Body, For it 
is cafy to conceive, if I make my Hand to move in 
the Water the Length of two Feet in a Second, I 
fliall difplace a greater Quantity of the Fluids than 
if in the fame Time my Hand had only moved the 
Space of one Foot, But a greater Quantity of Water 
makes a greater Mafs, which has a greater Rcfift- 
ance \ and the Inaftivity has a greater Velocity to 
dppofe, as jtoppofed irfclf to the firft Degree, which 
wc made the yicMing Fluid to aflume. The follow- 
ing Experiments will prove what we have now ad* 
vaticed, concerning the Refiftance of Mediums, and 
will clear up what we have faid about them. 



EXPERIMENT I. 



Preparation* 



A It I N D of a Trough or Tray is divided into t^ 
tqual Parts, by a Partition, which reaches from End 
to End i fo that Water may be put on one Side, and 
the other Side is left full of Air only. A Pillar with 
a Bracket on each Side is raifed firona the ttiiddJc of 

cbc 
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"the Partition^ on which are fufpcitded two dquad 
Rods \ and at fhe Ends of chefe are faftened (wo BalU 
of Metal, which are alike both m Weight and Vo* 
kimc, and which when put in Motion may pafs and 
rtpafs» each in it*s proper Part of the Veflel See 
fif 4. 

y Th E two Bills depart each ac the fame time^ with 
equal Qaantitics of Motion ; char, which moves in 
the Water, lofcs it's whole Velocity in 4 or 5 Sc^ 
conds : Whereas the other, whofe Vibrations are 
made in that Part of the Trough, which contains 
only Air, prefcrves it's Motion for a long Time, and 
does not entirely lofc it till after a very great Number 
of Vibrations. 

V The two Balls being of the fame Metal, and 

having equal Volumes, as is already fuppofed, wfll 

neceffarily have equal Maffes : And when they begiti 

todefcnbe like Arches at the Ends of the two equal 

Rods, then' Velocities are alfo equal, as we ftall fhcw 

^ifterwards. Wherefore fmce their Motion is to be 

Bincafurcd by then- Maffes and Velocities, the twb 

IBaHs in our Experiment begin to move with tn 

equal Quantity of Motion* At the firft Iriftanr 

«:h of them removes an cqoal Volome of it^s 

tcfpcilive Ftaid. Bat the Volanie of Water removed 
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bffiM about 800 Times denfcr than the Air dif-^ 
placed by G. Thefe two Bodies therefore have 
exerted their Forces upon very unequal Rcfiftaoces, 
fince they are in the Ratio of i to 800. Thus the 
Ball F could not go on till it had confunicd a Part of 
it's Force, which is 800 Times greater than what the 
Ball G lofes of it's Force. And what is done in the 
firft Inftant begins again in the next ; and the Ve- 
locities of the two Bodies diminilh in iuch Manner, 
that their Difference is nearly proportional to that of 
the Denfity of the Mediums i till at laft they are bodi 
reduced to a State of Reft. . . 



APPLICATfoilS.- 



Sir Ifaac Newton has demonftrated, that if i 
fpherical Body moves in a Medium a( Reft, theDen«. 
lity of which is equal to ii*s omi ; it would lofe half 
it's Motion before it had defcribed a Space equal ia. 
Length to two of ii's Diameters* If we do but.ieo 
colledt the Principles before cftablilhcd, and whidi 
we have now confirmed by th& foregoing Expai^ 
mcnt, we (hall eafily conceive how to reduce to W 
exad Calculation, the Refiftance that a Fluid cui^ 
make to the Motion of a folid Body imnnerled ther^ 
in. For, fupppfe it to be a Ball of Gold, which mow 
in Water in a Right-Line ; what it difplacea iaequi'' 
valent to a Cylinder, the Bafc of which iias for lb)* 
Diameter the fame as that. of tj^ Ball.,«nd fcr-iA 

Ant 
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Axis the Line defcribcd by it*s Centre, The Den* 
fitics of Gold and of Water arc known ; *cis alfa 
known what is the Relation of a Sphere to a Cylinder, 
of a Diameter and Altitude given. All thefe Quan* 
titles being therefore known, wc may judge of the 
Rcfiftance that the Water makes to the Ball» while 
it dcfcribes fuch or fuch a Space. And by cotn paring 
what it has loft of it's Velocity to what it had when 
it began to move, we may judge of what ft ill remains 
to it. 

We have already faid, that to eftimate the Rc- 
fiftance of Fluids, it is neceflary to have Regard to 
the Velocity of the moving Body. There is no 
Medium fo eafy to divide, but that it requires fomc 
determinate Time to give way, Wc generally End 
this Time to be very fhort, becaufc the Velocities 
we makeUfe of for this Purpofc arc not very greaC 
And the Comparifon that wc make of the Time 
employed againft them, to that in which they be- 
come obedient, makes us embrace this Sentlmenr. 
But wc change our Minds when we conGder certain 
ESeds which we cannot explain, but in fuppoling, 
that wc have not given the Fluid Time to give way. 
Why, for Inftatice, do the Strokes of the Oars make 
a Boat go forwards ? And why do they not make it 
go forward fo much the fafter, the quicker and more 
frequent they are ? 'Tis becaufe when the Water is 
ftruck quicker than it can give way, by this Slow- 
ncfs of Obedience it becomes the Fulcrum of a Leaver, 
which the Waterman makes to aft* The Fi(h do 
the fame thing with their Tails as the Waterman docs 
V O L. I, JU with 
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with his Oars \ the Swimmer with his Arms ind 
Leg^i and Water- Fowl with their Feet, which for 
this Purpofe are formed in a Manner fit to piiQi a^nft 
a large Quantity of Water. 



EXPERIMENT Tl. 



PREfAKATlON, 



In Fig^ 5 H I reprcfents a Piece of Clock -Work, 
the Moderator of which is a Fly with two Wings, 
i^ 2, The Spring is wound up with a Kcy> and 
the Piece K is a Leaver, which moves from left to 
right, and from right to left, to make the Whcei* 
Work play, or to Hop it*s Motion. This InftfO- 
ment is fct upon the Plate of an Air- Pump, which 
we have rcprefented intire in /ff. i. of the fccond 
Ledure. Then it is covered with a Glals. Receiver, 
furnifhcd above with a Stem of Metal L, which 
paffes through a Copper- Ferril, full of greafy PicCtt 
of Leather, and by which one may move the Lea^r 
K, without letting in the Air, after a f^acuumistti^^ 
in 'the Receiver, Sec ivf . 6. 

r EFrECTfi 

^'•Whek the Whcel-Workiamadc to play in the 
rVacuum, one may perceive by the Frequency of Ac 
dSirokes.of the tUmmcrs, which, ftrikc againft the 
^^ I ^4rU Belli 



w 
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ftcll, that the Motioo of the Wheel -Work it much 
more free^ than i^hcn the RecseiTer ii fitU of Air like 
Id thac of the Armdphere. 



ExJ^LANAT ion%, 



What hcomttmx\\j€z\\ed Boyle* s Vacuum is no* 
thing elfe but a Space^ wherein the Air is rariHed as 
much as poffibtct by means of a pneumatic EnginCt 
which this Bnglijh Philofophcr has much improved, 
put we fhall make it appear^ and all Naturalifts are 
ced in it, that this Vacuum is only a Medium of 
efs Denfity, than that in which we fee the greateft 
?art of Bodies to move. In neither of thefe two 
lediums, that is in the common Air or in the ra- 
pficd Air, the Wheel * Work has a compleat Liberty 5 
ecaufc independently of thefe other Caufcs, the Fly 
has always fomc RcOftance to overcome, that it may 
move in the Fluid that furrounds it. The Reliltanoe 
of this Fluid is proportional to it's Denfity. And 
for this Reafon, in an Air that is lefs denfe^ the Mo* 
dcrator being Icfi difturbed itfclf^ gives more Liberty 
to the Wheels, and therefore procures a greater Fre- 
quency of ftriking to thcHamtncn. 






Applications* 



Wi fee by this Experiment, that the Air is t rc« 
filling Medium, and m Regard to Bodies in ModoA 
b is all other Fluids 1 only bcmg much lefs denfe 
La 





Bad > Fdrx rt Sacu»j : 
fee zas be feand 
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csike SocgFE^is 
^f^ctAx or Hif '.f ooiiffit 
caondf tint of tke 

wrfinc ThofevinckllffarmjoaBTii 
fir, at dK SvaSovs, tke pcKft Rn cf 
ney* fluny Grc!ielK^jicr*FovB^ wc 
but link Bodies, many Fodicn, »d 
Od the ooDtnry thofi: of m (barter FKglht or lei 
fieqoenc, bave commooly more Fidh and Icfi Wiq^ 
in Proportioo. But, if we take Notice oT it, vemif 
oUcire, that the(el)eat their Wings ofanertfaandtf 
other in flying. Sparrows, Chaffinches, GoldfiodKS» 
Linnets, ISc. fly as it were by Starts, and do not 
ftipport rhcmfclvcs long in the fame Dircaioo. Their 
Wings cannot raifc and fuftaui their Bodies, botbf 
a Vtlociry, which they can hardly hold oat for trnf 
Moments. While they reft in order to begin j^ 
their own Weight gains \j\yoTi them, and makes tbem 
lofc a Part of that Elevation they had obtained l»- 
fore : So that their Flight is only aSacceffion of Jcrb 
and Starts. 

There are Birds which fiipport themfclvcs" fcf 
fomc Time at the fame Height, without feemingto 

4 , flIQVC 
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[ move their Wingi» which they call planing. We 
I ought to fuppofe however that they move them, but 
that their Vibrations arc fo quick and fo fhort ; that 
we cannot perceive them at a certain Diftance. The 
great Swiftnefs of this Motion may fopply for fome 
Time, inftead of thofe beatings of the Wings which 
arc more difccrnible. And it is alfo obferved, that 
the planing Birds are obliged from Time to Time, 
to regain that Height by a Flight in the common 
Way, which they have infenfibly loft, and by flower 
and nriore excenlive Motions to repofe, as we may 
fay, the Mufcles whofc SpriJig has been too much 
ftrctched, during ihefc fhort and frequent Vibra*^, 
tions* 

Bv this we fee why Domeftick Birds, or thofc 

which grow very fat at certain Scafons, fly fo little 

and fo clumfily* As they incrcafc in Bulk, their 

Wings alfo fhould grow larger, to encompafs a 

greater Volume of Air : Or their Strength Jhould in* 

creafc in Proportion, to make them aft with more 

Velocity • But the Degree of Strength, and the 

Conformation in every Species, arc not variable with 

their Corpulency. 

^ft Let us now compare the Weight of a Man, with 

^^e Strength which he ought to have in his Arms, to 

be able to move Wings of an Extent proportioned to 

his Mafs, with a Velocity capable of fupporting hin* 

in the Air ; and then we fcall fee how great was the 

Folly of thofc, who have been contriving Means to 

fly, and have looked upon it as a thing pofTible. It 

is a vain Imagination to think, chat nothing is wanting 

L 3 but 
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but Dexierity and Excrcife* It would be cafy ta 
jhew« that the Arms of the ftrongeft and EDoft a&i^e 
Mao are not capable of fuch a continued £flFoit« as 
is able to produce fuch an EflfeA. 



EXPERIMENT UL 

PltE?ARATION. 

Th e Inftrument reprefentcd in Fig. 7. is a double 
Mill, each of which has the fame Number of Sails, 
of the fame Weight, and of the fame Length and 
Breadth ; only with this DifFcrcncc, that in one of 
the two the Plain of every Sail can be inclined to the 
Axis in any Manner we plcafe. the fame Springt 
which unbends when we let down a Button to be fcen, 
at M, equally pulhes again ft two Jittle Broches N^ Ni? 
which are fixed to the Naves of the Mills, Thus 
when both comply with this common Impulfe, they 
begin to move with cqnal Velocities, 

Effects. 



If the Sails of the little Mills arc in a like Pofition 
in Refped of their Axes 1 for Example^ if in odv 
the Plain of every Sail is parallel to the comtnop 
Axis, the Motion impreffcd by the Spring contiDUd 
equal in both i they make a like Number of Turns, 
tad ccaic to move at the fai&e Time* On the con- 
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'trary •, if in one of the cwo Mills, the Breadth of the 

Ills falls upon the Axis at right Angles : or, which 
the fame thing, if their Plains are all found in 

izt of the fame Circle % then the fame Impulfe 

(lakes this turn much falter, and for a much longer 

'ime than the other. 

Explanations* 

In the firft Cafe of the foregoing Experiment, the 

lils of each Mill prefcnt their Faces to the common 

ledium, which they muft dlfplacc in order to move. 

They are fuppofed not to differ in any Circumftance^ 

diey find then equal Renflances in the fame Time, 

fconfequently they lofe equal Quantities of Force ia 

■he fame Inftanrs. When the Velocity is dcftroycd 

in one of the Mills, it will alfo be dcftroycd in the 

other. Quite on the contrary in the fecond Cafe^ 

j^oneof the two Mills prcfcnts it*s Sails edge-wife j 

this Pofition they are only thin Plates, which 

ifily divide the Air, and which find much Icfs Re- 

hnce from it, fince the Quantity that is to be re^ 

^ moved is much Icfs. Therefore that which in equal 

Times lofcs Itfs Force, muft turn fwifter and much 

>nger than the other. 

APPtSCATlOKS. 



This laft Experitpcnt £hews» that the fameMafs 
lay meet with different Refiftances in the fame 
L 4 Medium, 



i68 Leffures in Expirimental Pbilojipby. 
Mtdium, according as it prcfcnts directly to it i 
greater or a icflTcr Surface. The Boatman makes his 
Oar to ad on the flat Side, whco he fecks a Point 
of Support in the Rtfiftancc of the Water : But he 
lifts it out by the Edge, that he may have Icfs 
Troubk, when he intends to put himfcif ij> a Cc»- 
d it ion to renew his Labour. 

*T IS for the fame Rcafon, that a Body generally 
prefcrvcs it's Motion better when it is entire, than 
when it is divided. For DiviCon multiplies Sur- 
faces, and conlcqucntly the ReGftance of the Medium. 
When an Ounce of Lead comes out of a Gun under 
any Quantity of Surface whatever, the Impulfe of 
the Powder whicn determines the Velocity is the 
fame, Yc; eve^y one knows, that a Bullet is always 
carried much farther than a like Quantity of Lead in 
Shot, This Difference proceeds from the Rcfift- 
ance of the Air, which afls in the Ratio of the Sur- 
faces. For every little Grain or Shot» a$ wril as the 
Bullet, always prcfcnts to the Air, which it divides, 
half of it's fphtrrical Superficies-, and the Weighs 
being equal, the Sum 9f the Httle hemifpherial ^| 
Surfaces of the Shot much exceeds that of one ^ 
Bullet- 

As it often happens, that we do not take fufficicn: 
Notice of the Rcfiftance of the Medium, fo fome- 
times our Prejudices afcribe more to it than it really 
has. Who is it that has not heard, for Example, 
that a Gun difcharged upon the Water, or from one 
Side of a River or Pond to the other, will not carry 
a Bullet fo far as in another Plaoci The Reafcm 



which 
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which is given for it, by faying that the Vapour from 
ihc Water thickens the Air, has fon>ething like 
Truth, But it is imputing too much to it, when we 
afcribc fcnfible EfFefts to this imaginary thickening 
of the Air, The Experiment aforegoing has fhewn 
us, that wc cannot confidcrably vary it's Refiftancc, 
unlcfs we create confiderable Differences in it's Den* 
fity* And the Tryals that I have often repeated 
with Care have convinced me, that the Faft in Que- 
ftion is at leaft an Exaggeration. If any one has ap* 
prehended, that being on the Water he could not 
reach fuch Objeds as clfewherc he might have done^ 
'tis becaufe he was miftakcn in the Diftance, which 
always appears Icfs to us when we fi:e nothing but an 
uniform Extent, wherein we find no Objects to aOift 
us ineftimating it^ fo that it cannot be furprizing if 
we have failed in killing a Bird at 60 Paces from us» 
when we imagined it was but 50* Now the Den- 
fity of the Medium, augmented by a Vapour from 
the Water» could have but little fhare in this 
Effcft, 

Hitherto wc have confidered the Medium as 
calm and at Relt. But if it is agitated, it's Refinance 
may be cncreafcd or diminifhed by it*s own Motion, 
The Fifh that fwims againft the Current of a River 
has two BeGftanccs to overcome, One is the Mo- 
tion of the Water, the Dircftion of which is contrary 
to his own. The other is the Inaftivity of the Vo- 
lume of Water anfwering to his own, and which be 
muft remove as if it were Handing Water, A Man 
skat walks againft ihe Wind does the lame thing. 
I And 
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And it i$ for this Reafon, thit when wc make i Body 
t9 mavc agaiiifl: the Diredion of a Fluids the Mo- 
tiofl of which is rapid, we diminilh it's Volume as 
much as poQiblc, that the Strength of the Current 
may have the lefs Power over it. A Ship that has 
the Wind againft it, furls it*s Sails. And in i like 
Cafey the Waterman makes his PaOengers to fit 
down, while he carries them over a River. 

If the Body and the Fluid, which fcrvcs as aMe» 
dium to it, both move in the fame Direction, either 
they have equal Velocities, or one has more than the 
other. In the firft Cafe the Refiftance of the Me- 
dium is none at all. Such is the Motion of a Fifli, 
which exaftly follows the Current of the Waicr. In 
the latter Cafe, that of the two which has the raoft 
Velocity communicates fomc of it to the other, at the 
Eirpenfe of that Which has it, A Cannon-Ball which 
is difcharged in the Diredion of the Wind, docs 
not find fo much Refiftance in the Air, as it would 
in calm Weathen But as it moves fwifter than the 
Wind, it muft always open itfclf a PaiTage io this 
Medium, which flies before it but with loo much 
Siownefs. If wc know by the Rules before laid down, 
what would be the Refiftance of a Medium which is 
at Reft ; we may alfo know, what it*s Degree of 
Velocity for or againft, adds to, or takes away froai 
this Refiftance, 
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ARTICLE a 



O/tbeRESISrANCE of FRICTION 

hfr ^rrmrioN, 
In order Co acquire a juft Idea of Friftion» H 
(bould be obfervcdy that the Superficies of any Body 
whatever is never perfcdly plain or fmooth. For 
tho* we Ihould fuppofe, that all the folid Pans which 
compofc iu are exaftly in the lame Plain, (and 
when will that be found ?) the Pores which feparate 
theno, would flill oblige us to conceive this Super* 
fides, as an Aflemblage of little Eminencies and 
Cavities. Let us fuppofe that two Plains of this 
Kind touch one another through their whole Extent; 
the protnioent Parts of one will enter into the hollow 
Farts of the other, nearly as it happens to a Cufhtoa 
covered with Velvet, placed upon a Table covered 

■ with the fame. Or, if it be afolLd Body, which we 

■ plunge into a Fluid, this in Confcquencc of it's Te- 
nuity and the Fluidity of it's Parts, fills cxaftly the 
Cavities of the other* as one may obfervc by the 
Wetnefs it retains after it is taken out again. 

Now we are tp confider, that when we make one 
Body to run over the Surface of another Body, this 
may be done in two different Manners, which it is 
pece0ary well to diftinguijQi« For firft we may 

apply 
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apply fucccflivcly the lame Parts of one, ro different 
Farts of the other \ as when we make a Book> for 
Inftance^ to Aide along a Table. And this wc will 
call a Friftion of the firft Kind. SecanJfy^ wc may 
make different Parts of one Surface fucctffivcly to 
touch the different Parts of the other; as when 
we make a Ball to roll upon a Btiliard -Tabic. 
And this we will call a FriAion of the fccond 
Kind. 

In the firft Cafe the Motion wc give to that of the 
two Bodies, which paflcs over the other^ has a Di* 
re£tion perpendicular to that^ according to which 
the Parts of the Surfaces arc mutually engaged. For, 
according to our Suppofuion, the Surface, which wc 
make to Aide horizontally, is that of a heavy Body, 
which it's Weight fupports vertically on the Table. 
And this Kind of Friftion often occafions the break- 
ing of thofe little Eminencies, which form the 
Roughneis of a Superficies. This may be obierved 
by the Duft, which is produced by two Marbles, or 
by two Pieces of fawn Wood, which are rubbed one 
againft another with fomc Violence. 

Iw the fecond Cafe thefe fame Parts, that are esu 
gaged quit one another, almoft as the Teeth of two 
Whetls of a Watch, when they roll one over an- 
othen If it happens that they quit with Difficulty^ 
'tis becaufe there is a Difproportion between the pro- 
tuberant Parts and the Hollows that receive them. 
But this laft Kind of Friftion is never fo powerful as 
the othcTi to retard Motion* 



THi 
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Th c Cuftom of dragging the Wheels of Carriages 
when the Dtfccnt is too ftcep, fumilhes us with a 
familiar Example of the different EffcAs of thcfc two 
Kinds of Friflion. When they arc afraid that a Coach 
or Waggon fhould hurry too faft down a Hill, they 
hinder the Wheels from turning round their Axis* 
Then the fame Point of the Circunifcrcncc drags 
fucccflivcly upon a Number of Points on the Ground, 
This is a FriAion of the firft Kind, which v«ry con- 
fidcrably rcfifts the Motion of the Carriage. It is 
not fo when every Wheel turns in the ufual Manner 
about it's Axis ; for then it expofcs k's different Parts 
to the Plain it is to run oven It*s FrtAion, as to 
the Circumference, is only one of the fccond Kind, 
and it's Motion is much more freci perhaps too 
much fo, if it was alTifted by too fteep a Dcfccnt. 

It is not fo eafy to cftimatc the Rcfiftance that pro- 
ceeds from Attrition, as that of Mediums, confider- 
cd in Rcfpc^t of their Dtnfity, and of the Volume 
and Velocity of the Body which removes them. The 
fucceflivc Piffage of one Surface over another is fo much 
the more retarded, the more Inequalities each of them 
have. But this more or lefs may be varied ad infinitum^ 
not only by the Nature of the Bodies, but alfo from the 
Degree of Perfcftion they may receive from Art. A 
Workman can never fay, that he has polilhed alike 
two Pieces of the fame Wood, or of the fame Metal, 
or of the fame Stone, 6f r. And tho* he had a certain 
Rule to aflure himfelf of it, we cannot reckon upon 
the Continuance of this State, All Matters wear 
iway and change by little and little, and theft 

Accidents^ 
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Accidentia of wbidi hardly uij Eftimation can be 
tfiade, fomecimes inoeafe^ but ofcena \tScn the Po* 
lift) and Soioochnds of Surfaces, 

Till other Quantities which enta* into the Valii* 
ition of FriAbnt fuch u the Magnitude of Surfaceif 
the Pncfitire they ha^e upon one another, and their 
09*ees of Velocities, are things that it is nnore eafy 
Ibtteafure ; but as their Value has a Relation to the 
actual State of the Surfaces, there will always reoidft 
much uncertainty in the Eftimation of the Refi (lances 
that refiilt therefrom. We tnoft commonly be con- 
tented with an Approximation, which often is nonei 
by fuppofing a third Part of the Power or of i\m 
Motion, communicated to a Machine, is made Uft 
of to overcome the Attrition* But it is plain that thii 
muft be underftood of a Machine rn the great, and 
that it muft have a great deal of Variety, according 
to It's Degree of Simplicity, and according to the 
Pcrfeaion of the Pieces that compofc it 

SoMB Philofophcrs* have pretended, that the 
Magnitude of the Surfaces went for nothing in the 
Friftion, and that we need only to take Account of ^M 
the D<^rcc of PrcffLirc, * A Body, fay they, which ™ 

• has more Breadth than Thicknefs, ought not to 
^ make more Rcfiftatice when it is drawn on it's 
« grcateft Surface^ than when it rubs on it's nar- 
^ roweft Side. Becaufc the Preffure which proceeds 

♦ from it*s Weight being the fame in cither Cafe, if 
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in the firft more Parrs are engaged, they . are kfs 

deeply engaged than in the fccond/ 

This way of reafoning^ which would not be ooii> 
dufivc alone, and to which fcveral others might be 
oppofed *, has been fupportcd by feme very ingeniMi 
Experiments, which feemingly were very favourable 
to the Opinion here laid <lown. But in a Matter like 
this, wherein wc cannot draw general Conchjfions 
from particular Inftances, we muft be determined by 
what happens moft commonly. Repeated Trials 
have almoft always proved to mCj as likcwifc tb 
Mr Mufcbmbrock who has made many of this Kind, 
chat the Surfaces muft be reckoned as fomething, the* 
much lefs than the Prefiures. As to the Ratios df 
each of them to the Effe&s, I have found nothing 
uniform enough, to lay it down as a Foundation of 
an cxaft Theory. 

Besides the PrelTure and the Magnitude of the 
Surfaces, we ought likewife to admit theVelocicy 
ipto the Valuation of the Fridion. For as this Kind 
of Rcfiftancc proceeds from entangled Parts, which 
muft either be broken, or which cl& cannot be dif- 
engaged, but by making the PrelTure to give way, 
which keeps the Surfaces applied to each other; it is 
plain, that the Sum of the Refiftances ought to be lb 
much the greater, the more way the rubbing Body 
has to make in a given Time. For then the en- 
tangled Parts muft be broken in greater Numberii 
or muft difeng^ themfelves more frequently. 
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BvT there is a thing here very remarkable, which 
is^ that this Augoncntacion of ReGftance, which pro- 
ceeds from the Velocity with which the Surfaces rub 
one another, has it*s Limits and Boundaries, beyond 
which one may accelerate the Motion, without 
making the Fri&ion become more confirierablc. 
Thus one may fay in a Manner, that by increaCng 
the Caufe we do not increafc the £ffe<fl \ a Paradox 
which defer ves explaining. 

Let us fuppofe that DE and FG, Bg. 8. rc^ 
prefenl two Surfaces of hard Bodies, of which the 
infenfible Inequalities arc funk into one another j 
that the Preffurc which joins them, afls according 
to the Diredion A B, perpendicular to chat of the 
Motion, which makes the two Bodies to Aide upon 
one another. We fee plainly that the upper one can* 
cot move in the Direftion BC-, except it's rooft 
elevated Parts ^ /, g^ A, difcngage thcmfelves from 
the Hollows into which they are funk, which cannot 
be done unttfs the whole Body D £ is lifted up, 
againft the Effort of it's Preffure, If this PrtrfTure is 
great enough to make the Parts difengaged to fall 
into the Cavities, which immediately follow tbofe ^ 
that have been quitted ; chat is to fay, if the Part t V 
which came out of i (hould fall into 2, or into j, &r. 
it is plain that the Effort which was made to raife the 
Body D E, or (which is the fame thing,) to difcn- 
gage the Parts, muft be repeated as often as thcie 
arc fuch little Elevations in the Surface FG. hx^ 
the farther the rubbing Body (hall advance b a ^vcn 
Time, upon that to which it is applied, the more 

thcfc 
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ihcferifings and fallings nnuft take Place, Thus the 
Rcfiftancc of the Friftion incrcafo with the Vclocityt 
as long as chis Velocity docs not hinder the high Parts 
of one Surface, to lodge rhcmfclves fucceflively in the 
low Parts of the other Surface, in the Manner here 
explained, 

But it may happen, that the Motion which is 
made according to the Dircftion B C may be fo 
rapid, that when the Protuberances e^ /, g^ h^ have 
been difengaged, they may be drawn forward a con- 
fidcrablc Length before the Prcflurc has Time to 
engage them a-new. That the Part f, for Example, 
having quitted i, or the fir ft hollow Part of the 
Surfece FG, inftead of falling into 2, the next Hoi* 
low, it may be tranfportcd to 3 or 4; and then it is 
eafy to conceive, that the rubbing Body D E may 
run over twice or thrice as much Surface upon F G^ 
yet without having it's Parts more frequently en- 
gaged 

Thb Experiments I fhall now produce will (hew^ 
|ta|What appears to mc of greater Certainty in the Bufinefi 
BofFriaion. Firft, that the firfl: Kind of Friaion 
Vmakes much more Kefiftance to Motion than the 
fecond Kind. Secondly, that the Friftion increafcs 
with the Incrcafe of the Surfaces, all other things be- 
ing alike. Thirdly, that PreOurealfo makes the Rc- 
fiftancc of Fridion to increafe, of whatever Kind it 
may be. Laftly, that with equal Proporttons the 
Rcfiftance of Friftion increafes more confiderabiy by 
Prcflurc than by the Surfaces, 

VOL. L M EX P E- 
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EXPERIMENT I. 



pR EPARATION, 



Ftc. 9, reprcfents an Inftmmcnt compofed (f 
of four Rollers i, 2, 3, 4, fufpcndcd by very 
Pivots on two double Frames P, P. And (fecon 
of another Roller greater than the foregoing, 
Axis of which O O through it's whole Length li 
about 2 X Lines Diameter, and is terminated by two 
Steel Pivots* which turn within two Skrews Qj3j 
boared in their Length, or elfe upon the two Int^* 
feftions of the two Pair of Rollers, A fpiral Spring 
fitt at one End to one of the double Frames, and at 
the other to the Axis of this laft Roller, makes it 
turn alternately both ways. And the Duration rf 
the Motion of the Roller is reckoned by the Nutnbff 
of the Vibrations of the Spring. It is com| 
(thirdly) of a Piece R, which is reprefented byii 
Fig. 10. which refts upon the Axis of the Rett 
fometimes by one Surface j, fometimes by the 
others /, /, which are like J, at the End of which 
fattened one or more Weights, to increafe thePi 
tspon the Axis, When the Spring is bent, the 
ver U is brought near, to fuppOrc one of the 
Bars of the great Roller, that we may be affurtd 
ihe Degree of Tenfion, and to unbend it w 
aAnefs. 



« 
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At firrt the Pivots of the Roller are put into the 
Holes of the Skrcws Q^Q^> and afterwards they are 
made to reft upon the h terleftiotis of the Rollers^ 
without loading the Axis with the Piece R. And ill 
both the Trials care is cakcn^ chat the Spring niaf 
have an equal TenCion. 



Effects. 

*H 1 Spring being fuffercd to unwind* if in the 
firft Cafe arc counted 29 or 30 Vibrations before the 
Motion Stops entirely ; in the fccond will be count- 
ed about 400) each of which contiaues for near a 
Second. 




b. 



Ekplamatfons, 



The foregoing Experiment, confidered in the two 
Fafts, which they arc brought to eftablifh, vifibly 
prove chat Attrition^ of whatever Sort it may be, dc^ 
ft toy Motion by a Refinance which differs only ac* 
cording to the Degrees of more or lefs. And thcf 
fticw at the fame Time, that of the two Kinds of At* 
trition which we have before diftinguifhed, the fir if 
has much more confiderable Effefls than the other* 
When the Pivots turn in the hollow Skrews, 'tis a 
Fridion of the firft Kind ; all their cylindrical Surfac* 
paffcs fucceflivtiy over the lower Part of each of the 
Holes. On the contrary^ when thefe fame Pivots b^ 
their Motion are made to turn the Roll«:rs that bear 
M % them 
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them up, ic will be only a Friftion of the feoond 
Kind. For then the CircQmference of one unfoldi 
itfclf only on the Circumference of the ochen \ the 
Part which touched before touching no longer the 
n^xt Moment, and that Part which went before fenrcs 
it now as a Point of Support, or a Fulcrum, to dif 
engage itfelf in a favourable Diredion % as the Tooth 
of a Wheel, which begins to enter the Pinion, &• 
voun the Separation of that which entered before. 



Applications. 

NoTHiNO is fo common in Motion as theEfieds 
of Fridion. We find it every where, and it may be 
faid in general, that it is the principal Caufe of the 
Alterations and Wearing, which we may obferve in 
all the Works of Art -, and efpecially in thofe, d 
which we make a frequent Ufe. Our Cloaths, Fur- 
niture, Trinkets, Inftruments, iSc. lad only for i 
certain Time, becaufe the Attrition, to which tbejf 
are continually expofed, infenfibly changes their Sur- 
faces and Forms, and make them lofe thofe QjnliQCS 
which depend thereon. The hardeft and moft iM 
Matters cannot hold out againft long Service, bs^ 
will give Marks of Diminution and DifTolution. A 
' Razor, a Knife, an Axe, foon lofe their fine Edge. 
Even a Plow-fhare muft be repaired now and tfaent 
and the Horfe, whofe Foot flips upon the p«^ 
Stones, leaves there a Mark, which with half an Eye 
we may perceive to be Parts of his Iron Shoe, which 

* the 
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the Fri(5lion has left behind. Bur as nothing in the 
Univcrfc is annihilated, al! thcfc Particles, thus fc- 
perated from their Maffcs, are mixed with different 
Matters, in which they find one another again, when 
we think leaft of it. It has been a Surprife to very 
gooci Natural Philofophers, to find Iron in Clay, and 
in the Aflies of Plants v becaufe they did not enough 
confider the prodigious Divifibility of MctaJs in ge- 
neral, and in particular the continual Difperfion which 
is made of the Parts of this Metal, as well by the Tools 
which are ufed in the Tillage of the Earth, as by in- 
finite other Ufes, which put it in a Condition of be- 
ing fcattered every where* Others that were more 
attentive to this great and continual Waftc of Iron- 
Works, have difcovcred this Metal in the Dirt of 
great Cities, and have imputed to it that black Co- 
lour it has, and of which it is Tery probably the 
Caufe. If Gold was in as great plenty as Iron, and 
if as frequent and extenfive Ufe was made of it, it ii 
not to be doubted but that we ftjould meet with it 
likewifc in all Matters, where we fhould take the 
pains to look for it. But he that (hould happen to 
find it any where, would he have a Right to fay that 
he had made Gold ? No more, I think, than he who 
BOW finds Iron in Afhes, can boaft that he has made 
Iron. Among all thofc famous Adepts, who have 
enriched the World by their golden Promifcs \ if 
there was any Gold- Maker who was fuch in earneft, 
'twas becaufe among that great Variety of Matters 
that paflfed through his Crucible, there might be 
found by Chancx fome fmall Parcell of Cold, which 
M 3 Qwc4 



1»2 LiBures tnExpenmental PbUofophy. 
owed nothing more to the Operation of the Artift, 
than CO have fcrpirated it from thofe foreign Mixtures 
in which it hy concealed. To make Gold after this 
Manner appears to mc a very poffibic thing. But I 
doubt much whether enough could be made^ to de-? 
fiay the Charge of the CoaU, 

if Attrition is hurtful on many Occafions, fp ihert 
are many others in which it may be ufed to Advan- 
t^e. The Arts have found out Means to turn ta 
their Profit, even fuch things as feemcd to be moft 
detrimenul to them, A File is nothing clfc but a 
Surface purpofily made rough with Points and Edges* 
The rubbing of it upon the hardeft Subftances is a 
very convenient Method of forming them to ont\ 
Mind, by a well managed Diminution of their V^o* 
lumes- Thus this Tool is of great Ufe in a Multi* 
tude of handicraft Trades. The intelligent Work- 
map, that makes Uie of it^ derives different Advan- 
tages from the fame Means, according to the Mo- 
difications he would introduce. To favc Time h< 
fome times ufes a File, the Rugged nefi of which re* 
quire$ more of his Strength : Sometimes he chufd 
one of a finer Cut, to foften what the other {ketched 
out in rough ; And at laft, when even the fineft of his 
Files is not yet fine enough, he anoints it with Oil, 
which retains the Parts of the Metal as they come off^ 
\^j which Means the little Cavities of the Tool ate 
filed up, fo that it's Points become (horter, and it** 
fii^rf^ not fp rpugh* 



Wwi^T 
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Wh a t we fay about Files ought to be undcrftood 
ui Grindftoncs, and all Whctftones, which difFtr not 
fo much as to the Effcdl of the Friftion, as 10 their 
greater Hardnefs. 

Compasses, and generally all Inllrumenta with 
Joints, which are to remain open or Ihuc in different 
Degrees, have commonly the Property of an equal or 

k regular Friftion \ and much Time is favcd in the 
^ Ufc of them, when one is not obliged to fix them by 
any other Means j as when they are ftopt by a Skrcw, 

I or other wife. 
The Rcfiftance of Fridion is diminifhed by 
dawbing the Surfaces with any Fluid or fat Matter^ 

I We rub with Soap the Edges of a Box, the Cover of 
which Ihuts too clofc* Wc oil Hinges to make 
them play eafily. They greafe the Infidc of the 
Naves of Wheels. Thefe are fo many Methods of 
filling up the greater Inequalities of Surfaces, and 
confcquencly of making them more flippcry, and 
fitter to flidc one over another. Befides, the Parts 
of thefe Fluids, or of thefe fat Bodies* which are in- 
tcrpofcd, change the Nature of the Frisian. They 
arc fo many little Globules which roll between the 
Surfaces, ferve them as a common Vehicle, and do 
that in little which we fee done in a more feofiblc 
Manner, when they put Rollers under a great Stone, 
or under a Piece of Timber, to tranfport it the more 
eafily from Place to Place, 




M 



EXPERT 



184 LeSuresiit Exptrimental Pbtbfipfy 

E X P E R I M E NT a 
Preparation. 



The Pivots of the great Rdler are made to reft 
ypon the Interfeftions of the fintr lefler, and fbi 
Spring is bent. to the fame Degree as in the foregoing 
Experiment. Firft we place the Piece R upoo tju^ 
Axis of the great Roller by one Sur&ce pnly x, aad 
with it's own Weight alone. Then ^erwards it is 
turned back, to make it carry the twb Sur&ces /, /» 
tnthout increafing the Weighty and in e^fa Ca& 
the Vibrations are counted. 



Effects. 

When the Fridion is nude by one Surface alonCi 
as in the firft Cafe, there are coqnted 40 Vibrations. 
When the rubbing Surface is doubled, as in the fc- 
cond Cafe, there are counted no more than 29 i i all 
other things being alike, as is here fuppofed. 

Explanations. 

Th e Inequality of Surfaces being the firft Caufc of 
Attrition, it is very natural' to think, that by i^ 

gea^Dg 
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ifing the Extent of the rubbed Body, we muft 
Ifo increafe the Number of thtfc Inequalities. If 
\y Cafe can be found, in which this docs not fenfibly 
Happen, it will be an Exception, which is undoubt* 
cdly due to the particular Difpofition of the Super- 
bides I or however when fo great a Quantity of Mo- 
rion is applied, that the Rcfiftance of Attrition will 
not be confiderable enough to be meafured, and con- 
^ fcquently to be compared. But as in great Machines; 
which the Attrition will be of much greater Con- 
Pequence than elfcwhere, the Pieces always have their 
irfaces rugged enough •, we think the Quantity of 
acir Extent is not to be neglcfted. Yet we fee by 
be foregoing Experiment, that the Reflftance of 
Triftion, tho* partly depending on the Magnitude of 
be Surfaces, does not obfervc it in all it's Propor- 
tions. In one of the two Cafes mentioned, the Su- 
perficics being double, the Fridion was not double. 
And it would be very difficult, to fay no more, to 
determine the Relation of thefc Rcfiftanccs with t 
Itaiven Quantity of Surface, 

Applications. 

Friction, confidered in rcfpeft of the rubbing 
Surfaces, retards the Velocity of all Bodies indif- 
ferently. Wc have juft now proved it in Solids \ and 
wc may obfervc every Day, that it is the fame in rc- 
ipcft of Fluids and Liquors. Fountains never rife 
|o the Height they ought, in rcfpea of their Quan- 

tity 
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tiry of Motion ; and Rivers ran llowdl when the 
Waters arc low. 

Water which is brought through a Pipe, ai 
which fpouts out into the Air, is every where Uabl 
to Friilion. The inlernal inimoveable Surface of 
the Pipe retards it \ and when it paffcs into the Air, 
it ought to be confidcred as moving yet in anoihi 
Pipe, the Surface of which docs not differ froi 
the other, but by the Rarity and Mobility of \x\ 
Parti. 

Tho* the Surface of a large Pipe is greater thai 
that of a narrower, yet it is kfs fo in Relation to it'i 
Capacity, For it is a thing dcmonfl rated, that oi 
of two Inches Diameter, (we fpeak here of round am 
cylindrical Pipes) contains four times more Wat 
than one, the Diameter of which is but one Inch ; 
and the Circumference of the firft is but twice as big 
again as that of the Jaft. We fee by this, that in 
fuch Pipes as thefe, the Fr 1ft ion which proceeds fram 
the Surfaces diminifti**s as we increafe the Capacity. 
For if the Volufne qf Water, which is quadruple in 
the larger, was contained in four Pipes like to the 
Icffcr, it would anfwer to Surfaces, the Sum of which 
would be double to that which contains it. Expe- 
rience is entirely agreeable to this Theory, For the 
more we diminilh the Capacity of the Pipes in 
Pumps, Aqucdufls, Fountains, iSc. the more Re* 
lardation we find in the Velocity of the Water* 
. *Tis for the fame Reafon, that Rivers arc raote nr 
pid at the Time when the Waters arc out The 
Fridions they have to overcome, on account tf tbcir 

ChiOJieli 
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Channels, arc then diilributcd to a mote confjderablft 
[Mafs, and confequendy rhey give lefs Qppolitioo tQ 
fhc Motion of the Fluid, 



EXPERIMENT IIL 
Preparation. 

The Inftmment being difpofed ai in the foregoing 
Experiment, the Piece R is made to reft upon the 
Axis of the great Roller by the Surface S, and the 
little Weight Y is hung to it at X, which doubles 
the Preffurc. 



Effects. 

In this laft Cafe we Ihall count but 2 1 Vibra- 
tions^ tho' the Spring is wound up as in the foregoing 
Trials. 



Explanations. 



Th I Weight which is added incrcafing the Pref- 
fure, makes alfo the Friflion to increafe. For the 
Farts of the Surfaces, which are mutually cng^ed^ 
will fink much farther, and give more Reliftance to 
the Motioa which endeavours to feparatc them. We 

fee 
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fee by this laft Experiment, that a dooble Preffurc 
performs more than a Surface incrcafcd by it*s Half 
For we have fecn before, that In making two Surface* 
to rub tnftead of one, the Number of Vibrations was 
diminilhcd but by one fourth Part. And we fee 
now, that in making a double Preffure there are no 
more than 21 Vibrations inftead of 40, which ba 
Diminution of almoft one Half. 



Aftlicat ions. 



In great Heats the Morions of Qock-Work 
fenfibly weakened. This Accident, which difturbs 
Pendulums and Watches, commonly depends on fc- 
vcral Caufcs which concur to the fame EffeA. There 
is one to which little Heed is given, which yet de- 
ferves to be reckoned among the others. 'Tis the 
FriSion which increafcs by Prcfflirc in Proportion as 
the Pieces grow hot. For it is known, and we (hall 
^Toit it in due time, that Metals as well as all other 
Matters increafe their Volumes by Heat, as they de- 
creafe in Magnitude by Cold -, the fame Caufe dilating 
the Plates makes the Holes narrower, and fwells the 
Pivots, fo that by this double Effcft, the Friftian 
increafes by Preffure, and the Motion is fo much the 
more clogged. 

A Tu R N E R that (hapcs a Piece of Metal between 
two fixt Points, is fomctimes furprifcd to find, that 
his Piece reOfts the Motion of the Bow, after he hn 

Tis bedufc 
cbc 



tiirncd it freely for fevcral Minutes* 
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I Fridion Is increafcd by the Prcfiare, as the Me- 
tat lengthens by heating. And thus the qukkefland 
moft ufual Remedy for this, is to wet it with a little 
Water to cool it. 

The Ufcfulnefs of Tongs, Pinchers, and fuch 
Kind of Inftrunicnts, proceeds only from Friftion 
increafcd by a ftrongPreffurc. 

It may not be amifs to obferve here, that fomc 
Machines which perform their Office well enough in 
little, will not always do the fame when we come to 
execute them in the great, tho' we obferve the fame 
Proportions. This generally proceeds from hence, 
that Attrition in it*s increafc does not follow the 
Proportion of the Surfaces only, but rather that of 
the Prcffure, which is often increafed with the 
Weight or Solidity of the Pieces. That is, for Ex- 
ample i if in the Model we have reduced all the Di- 
menfions to an Inch for a Foot, when we conftruA in 
great, the Rafter which is 12 Feet long and 6 Inches 
fquare, would weigh 1728 rimes as much as that 
which reprcfcnts it in little, if it is of the fame Matter* 
This Confidcration, which cannot be negleftedwhen 
we proceed by Principle, fometimcs will make one 
conclude to the Difadvantage of a Machine, the Suc- 
ccfs of which might othcrwifc feem to be very fccure, 
even from Experience itfclf. 

From all that we have now faid and proved, con- 
cerning the Refiftancc of Mediums and Frlftion, wc 
may draw this Conclufion, that in the natural Statt 
there can be no mechanical Motion but what is liable 
to change. Firft becaufe a Body can move only in 

Space 
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Space, and there is no Pbcc pcrfcAly void of all 
Matter. Secondly, becaufc a Body, whatever it isi 
cannot exercife it's Motion but upon fome Surface, or 
it muft be hung on fome fixt Point, about which it 
if to move. In either of thefe Cafes there will be 
FridliorH cither upon the Plain, or at the Point of 
Sufpenfion, or in the Medium it muft pafs through. 
Therefore the Quantity of Motion chat will be com- 
municated to it, will neceflarily be diminifticd by 
this two- fold Obftaclc, So that to move perpetually 
il muft acquire new Force at every Inftant, to repair 
what it muft neceflarily lofc. This is contrary to 
that Brll Law of Motion, which requires, that a Body 
fliould conftantly keep thatState into which it has been 
pu;t, unlcfs this State is changed by fome new Caufc, 
Hence it appears to be evidently demonftrated, that 
thttt Can be no perpetual mechanical Motion in the 
natural State of Things, and that thofc who feck it 
with fbch ObHinacy, and multiply Expencts in this 
View, lofeall their Time, Trouble, and Charges* 

If any one takes for perpetual the Motion of a 
Pendulum, which continues it's equal Vibrations by 
Means of a Spring, or of a Wc»ghf, which is to be 
wound up at the End of a certain Time, or of any other 
thing of a like Nature % he does not undcrfiand the 
State of the Qucftion. For it muft be underftood of 
a Motion once imprefled, to which nothing muft be 
added afterwards, but is fufficient of itfclf to perpe* 
wate itfclf The Spring or the Weighty by ifj 
Gonftknt Eflfort, continually repairs the De^^c of 
Velocity that is loft in the foregoing Inftant, and 

this 
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this Reparacion is an Addition to the firft Mo- ' 
tion. 

Those who fuffer thcmfekcs to be impofed on by ^* 
the Infpcftion of a Machine, or by fomc pretend- 
ed geometrical Demonftration, on which they fome* 
times rcly» to evince the Difcovcry of a perpetuil 
Motion, are either the Dupes of Impoflurt, or of 
forae Paralogifm, which cannot maintain their ground 
againft thofe who are better inftrufted. The perpe- 
tual Motion is the Philofopher's Stone of Mcchanicks. 
Thofe that fplit upon this Rock muft be mecr No- 
vices in this Science, Juft as an obftinate Purfuit of 
the Quadrature of the Circle, or of the grand Ope- 
ration, declare a Man to be, in the Judgment of the 
prefent Age, neither a profound Geometrician, nor 
an able Chemift. 
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LECTURE IV. 

Ccntinuation of the Laws of fim^e Motkn. 



SECTION L 

Of the Caufes which change the DinHim ^f 
Motion. J 

A V I N G (hewn in the laft Stftion of 
my foregoing Lcfturc, what it is thai 
indifpenfably diminirhes the Velocity of 
a moving Body ; it now remains to de- 
clare, what arc the Caufes, which change it's Direc- 
tion » when it does not keep that which it had at 
firft. Now to do this in an intelligible Manner, « 
fliall begin by fettling the fccond and third Law of 
fimpic Motioni upon which depend moft of ihofe 
things, which we have to deliver about this Matter. 

I The fuond 
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Tbefccond Law cf SIMPLE MOTION. 

The Change from more to Ufs^ or from Ufs to 
more^ whUb happens to the Motion of any Body^ 
is always proportional to the Caufe which produces 

lu a moving Body, the Mafs of which wc fuppofc 
■^to be conftant, there can be no Change but of Velo- 
city or Direftion. To change cither of thefe, feme 
pofuive Force is required^ which is not in theBody^ 
before the Change, and which it has not the Power 
to give itfelf. When this Force a£ls» it can operate 
only according to it's Quantity 5 fa, that we may dc- 
I termine it's Value from that of it's Efficacy. As a 
r Pound of Lead in a Scale has no more Efficacy than 
the Weight of a Pound, wc cannot expeft that it's 
AAion againft the other Scale either exceeds or is lefi 
than the like Weight, if the Scales arc true* And, 
on the contrary, if this laft Scale is held in -ffiquilibrio, 
we may conclude with all Aflurance, that the Weight 
on the other Side» which is the Caufe of tt^ la ecjual 
to one Pound. 



^ The third Law of SIMPLE MOTION. 

^^B ReaBion is e^ual to Preffuri, 

B When a Body in Motion, or which has a Ten*- 
dcncy to Motion I ads upon another Body^ it com- 
VOL. I. N preffca 
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preflcs or fqueezes it, and reciprocally the latter 
exercifes an equal Comprefiure upon it. When I 
thruft the End of my Finger ^gainft an empty Scakt 
to raife a pound Weight in the other Scale^ 'tis die 
fame thing as if I held the Weight of a Pound upon 
my Finger to fuftain it. Whether a Man on the 
Bank of a River draws his Boat to Shore with a 
Rope, or whether' he fits in his Boat, and draws it 
to the Shore by the Rope there fattened to a Stake, 
the fame Efieft will follow. For the Refiftance or 
the Reaftion of the 6xt Point, is equal to the AAim 
of Jiim that afts againft it. 

Now we will examine how a Body in Motion 
changes it's DireAion, and what Rule it oblerves in 
this Change. 

When a Body in Motion changes it*s Dire&ioQ^ 
*tis becaufe it is forced to do it by Ibme Obftade. 
For according to the firft Law, it endeavours of it* 
felf to pcrfcvcre in it's prcfent State. But this Ob- 
ftacle may be either a fluid Matter in which it opens 
itfelf a Paffage, or fome folid Body, which oppofe 
it's whole Mafs to it, becaufe of the Cohefion rfirt 
Parts. A Stone thrown into the Water reprdcnts 
the firft Cafe to us. A Ball thrown againft a WiB 
is an Example of the fccond. 
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SECTION I. 



0/ the Change of DIRECriON, caufed ly the 
^h meeting ef fame fluid MATfER. 

IF the moving Body which we have determined 
cowards fame certain Point happens to meet fame 
fluid Matter, or which is as fuch in refpeft of itfelf^ 
it only paffcs out of one Medium into another. And 
commonly thefe Mediums are not equally penetrable 
by it, either becaufe of the Difference of their Den- 
fitics, or for fom^ other Caufe^ which we need not 
examine here. This more or lefs Refiftance, which 
it finds at entering into the new Medium, docs not 
fail to make it quit it's firft DirtAion, as often as it 
enters obliquely. And this Change is called Refrac* 
tion^ to give us to underftand, that the Direftion of 
the Body is as it were broken, at the place where the 
two Mediums join. Let us make this plain by a 
Figure, and by fomc Examples. 

Suppose a great Bafon full of Water, theSedion 

which is reprefented by A B C D, Fig. i* and a 

jnc or other hard Body E placed in the Air, and 

N a which 
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which is dircdetl cowards the Surface of che Water, 
with Velocity fufficient to make it enter therein, and 
to make it there continue it's MotKXL 

For this EScd we can dired the Stone or\y zfter 
two Manners. That is, either according to the per- 
pendicular Line P F, or elie according to an oblique 
Line taken between P F and C F. For it is plain if 
it fliould follow CF, or a Line parallel to it, it 
would never enter into the Water, or (which b the 
Ikme thing) it would not change it's Medium. If 
the Body E comes to the Surface of the Water in the 
Line P F, it would continue to move according to 
FP, and fo it's Diredion would not receive any 
Change. 

But if it follows an oblique Line as ^F, as foon 
as it arrives at F, the Water will become a refraBiwg 
Medium to it. Inftead of continuing it's Motion ac- 
cording to F G, it will take a new Direction which 
will be between FG and FA, fuch for Example as 
FH. That is to fay, the Stone, or any moving Body 
in general, will fufFer a Refraftion, which RefraAion 
will make it withdraw from the Perpendicular F^, 
more than it would have done if it had continued to 
move according to it's firfl D.redion. 

The Refraftion would have been made the con- 
trary way, if the Body had paffed out of a more re- 
filling Medium, into another which (hould refill Ids. 
I'or Example, if it went out of Water to enter into 
Air. So that if it had defcribed the Line H F, it 
would not go on according to F R, nor in any other 
between K and C ; but the Refraftion, which it 

would 
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would fafFer in F, would determine it to a new Di^w 
reftion between K and P, which would make it in- 
cline more towards the Perpendicular PF* 

To remove all Doubt about this Perpendicular, 
which we take here for a Line of Comparifons, when 
wc would txprcfs which way the Refraftion is made; 
it is proper to obferve, that it has nothing in com- 
mon with the Horizon, but as far as the Surface of 
the rcfrafling Medium is horizontal, as it .happens 
when it is a Liquid at Reft, For it Is always the 
Perpendicular to this Surface that wc are concerned 
with, whatever Pofition the Medium may have which 
caufes the Refraftion, For Example, if inftead of 
ftanding Water, fuch as we fuppofed it to be, wc 
fhould choofe that of a Cafcade, or of a River which 
fhould have a confiderabte Declivity, in which to 
throw the Stone ; the Perpendicular to which wc 
fhould refer the Dircdion of the Motion, as well be- 
fore as after it's Entrance into the Water, would be a 
Line inclined to the Horizon. It would be even 
horizontal, if the refrading Surface were vertical. 

The Rcfraflion therefore depends on iwo Con- 
ditions, without both of which it could not take 
Place. The firft is, the Obliquity of Incidence on 
the Part of the moving Body. The fecond is, that 
there muft be more Refiftancc in one of the Mediurnf 
than in the other. Wc will firft prove this to be fo 
in Faft 1 afterwards wc will endeavour to flicw the 
Caufc of it* 
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EXPERIMENT I. 
Preparation. 



The Machine reprefented in Fig. 2. a( 2I Feet 
above it's Bafe has a little Brafs Pipe I, throi^ 
which is let fall a Ball of Lead of about an Ounce in 
Weight, into a Glals Veflfel L, which is i a or 14 
Inches high, and at the Bottom of which is fpread 
z little Clay or foft Wax, of the Thicknels of an 
Inch. 

Th e Ball having (hewn it's Place by this firft 
Fall, the Veflel L is filled with Water, and then the 
S^l is let fall 4 fecond time. 



Effects. 

The Leaden Ball, after this iecond Fall, will be 
found in the fame Place as it had marked oqt at itH 
firft Fall 

Explanations. 

It appears by this Experiment, that the Ball of 
Lead has always prefervpd it'^ firft DireftioOt 

▼li?th?r 
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whether it performed it's whole Motion in the Air, 
or whether it fell partly in the Air, and partly irt 
the Water. For why fhould it be turned out of it*s 
Dircftion» if the Obftacles it met with are always 
cxpofed alike to all it's Parts ? Or if the EflTort of 
it*s Gravity, which it connplied with, had nothing 
clfc to overcome but Refiftances that yielded all to- 
gether, with the fame Facility, or which retarded it 
in equal Quantities ? Let us confider this Ball at dif- 
ferent Moments of it's Fall. 

First, while it is yet entirely in the Air, this 
Fluid, which we fuppofc at Reft, and of an uniform 
Denfity about the moving Body, does nothing but 
retard it's Velocity. But this Refiftancc has no In- 
fluence on ic's Direftion, becaufe it afts indifferently 
on all Sides. 

Secondlt, we may fay the fame thing, if we 
confider the Ball at the Time that it plunges itfclf 
into the Water. For the DifBculty that it finds to 
open itfclf a Paflage in this Liquid, tho* greater than 
that which it found in the Air, does not hinder it 
from going on towards it's Limit, but only from 
arriving there with as much Velocity, as it would 
have had in a Medium kfs refifting. 

Lastly, if we examine what is done during the 
Time chat the Ball paffes out of the Air into the 
Water, and when it is yet partly in one, and partly 
in the other of thefc two Mediums -, we fliall cafily 
conceive, that this Immerfion can alter nothing in 
it's firfl Direftion • 
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For when the Body M, Fig. 3. defccnds along 
the Line P^i all the Pans of the Surface dcfcribc 
Parallels as N T, » /, and the Refiftancc of the Me- 
dium is excrcifcd upon the whole Hemifpherc NO«. 
When it begins to plunge, the Water rcGfts dircftly 
at O. And as it goes on to fink, the Parts O S, 
SR, RN, and their corrcfpondent Parts ^ J, jr, rn^ 
fucccflivcly partake of the Refiftancc of the new Me- 
diuofi. But as thqfc different Parts from Plains more 
and more oblique one than the other, froni O towards 
N on each Side, the Rcfiftance of the Water during 
this partial Immerfion will increafc by Quantities, 
which proceed continually dccreafing, | 

Ik all this we can perceive no Caufc which (hould ' 
make the Body M lofe it's firft Diredion. In 
Confequcnce of it's fpherical Figure, the Obftacles 
which it meets at N, R, S, l^c, are exaftly baUnccd 
by the Rcfiftances which are oppofire, at the Parts 
n, r, /, &c. and this Equilibrium always keeps the^ 
Centre M in the Line V p. Therefore this Experi* 
ment proves, that an Obliquity of Incidence on the 
Part of the Body, is abfolutely neccffary for Refrac- 
tion ; fmce without this, it will continue it^s Motioa 
according to it's firft DireAion, although it may 
pafs out of a Medium of lefs Refillance into one of a 
greater. 



AppucATiom 
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Applications. 



A HEAVY Body, which it's own Weight caufcs 
to fall into the Water, will be found at the Bottom, 
in a Place which anfwers perpendicularly to that upon 
the Surface, by which it pafled when it fell* 

But firft, in order to this we muft fuppofc, that 
the Fluid was at Reft during the Time of the Fall 
For we know, that if a Body falls into a Stream or i 
Torrent, it is drawn away by the Current, at the 
(ame Time that it complies with the Force of Gravity. 
'Tis for this Reafon, that Men who are drowned in 
ninning Water, are never found over ag^inft the 
Place where they fell in. 

Secondly, the Figure of a Body which finks in 
a Fluid, contributes much, cither to make it keep 
it's firft Direction, or to lofe it, independently of the 
Refraftion. For this Figure may be fuch, u to 
create Inequalities in the Refiftances of the fame 
Fluid* For Example, if inftead of making a fphe- 
rical Body fall into Water, fuch as is fuppofcd in 
our Experiment, we Ihould make Ufc of an Hemi* 
Iphere, or the like, and ic flioutd be direded parallel 
to it's plain Surface ; it follows from the Explanation 
we have given aboi^e, that thb latter moving Body^ 
being more ftopt on one Side than on the other^ by 
the Fluid it feparatcs j becaufe of it*s Figure it would 
not keep it's firft Dircdion, but would defer ibc a 
CurvC'Line, tho^ in a very uniform Medium. 

•Tii 
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*Tis athing which is well confirmed by a frequent 
but fimple Experiment : As often as we throw a Body 
into the Water horizontally, that has an Edge, and 
15 convex on one Side, fuch as an Oyftcr^Shell, or 
any other h'ke thing •, we never fee it follow the Di- 
re&ion that has been given it \ And if the Convexity 
is lurned downwards, we ihall often obferve, that 
it rifes into the Air, notwithftanding the Propenftty 
of it*s own Weight. 

We may alfo obferve, that heavy Birds, fuch as 
Crows, Pidgeons, 6f^. when they light on the ground 
after a long Flight, they never fail to bend their 
WJDp And their Tail, to give thcmfclves a convex 
Ftgivc below. This neceffarily dircrts them in a 
Curvc^ which is much lengthened, and which breaks 
their Fall. On the contrary the fame Birds, when 
they arc young, light in a heavy Manner, and often 
hit ihemfclvcs againft the Ground ; becaufe they 
defcend by a Line which is lefs inclined to the 
Horizon; cither becaufe they are yet unfkillcd to 
cake a Figure which may give them another Diicc- 
tion, or becaufe their Feathers are as yet too (hort, 
or their Limbs are too weak to allow them to do 
oiherwife. 
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EXPERIMENT II. 



PREFARATION. 



ABC, Fig. 4. is a Quarter of a Circle, or a 
Quadrant, to which is 6xt the Barrd of a Gun upk)n 
the Radius A B, and which is faftened to a Wall, 
or to focnethlng inimovable, yet fo as that it may 
turn about the Point B. At 18 or 20 Feet Diftancc 
is a Trough or Bathing-Tub, of the Length of 4 or 
5 Feet, and full of Water, the Surface of which is 
covered with a Piece of fine Gawfc ftretched out, or 
with large Sheets of Paper, F is a Frame covered 
withGawfe or Paper, which is about 18 Inches high, 
and I Foot wide. This Franie is creftcd perpendi- 
cularly to the Surface of the Water, and it's Bafe 
D E, which is a pretty heavy Board, is placed upon 
the Edges of the Trough, at a fufficient Diftance 
from it's Extremity G, Care muft be taken to cover 
the leffer End G of the Trough with a thick fmooth 
Deal* Board, to fecure it from Accidents, and upon 
which the Mark of a Ball may be perceived. Laftly 
when every thing is thus difpofed, the Gun ii 
charged with a fufficient Quantity of Gun -Powder, 
and .like wife with a Bullet of Lead which may fit 
the Barrel as near u pofTible. It is then direAed 
towards (he Point Ij fo that it may n^ke an Angle 
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of about 30 or 40 Degrees with the Surface of the 
Water* Then it is difcharged with a Piece of Match 
gjEt at a. See the Figure. 



EFrECTS, 

After the Ball has pierced through the two 
Pieces of Gawfe at I and K, inftead of contiouing 
it's Motion in this Diredion to come to L, it will 
hit the D^-Board at H, according to a Line which 
will make an Angle with the fir ft Direftion in 
coming from A to K, This is cafily feen by letting 
cut the Water of the Trough, and then placing the 
Eye at L For one may obferve, that the Point H 
is fcnfibly above the firft Direftion \ and that the 
Refraftion it has fuffercd at the Point K, by entering 
into the Water, has made it withdraw from the Per- 
pendicular P py more than it would have done if it 
had continued to move diredly to L, 



EXPLANAT IONS. 



*Trs a Confcquencc of the Laws of Motion, that 
a Body will always incline to that Side where it finds 
the leaft Refiftance, For the Effcft being propor- 
rional to it*s Caufe, a Body that meets two Obftades 
ac the fame Time, muft fuffer more from that which 
is the ftronger, and likewife more eafily overcome 
tliat which is the weaker. But to overcome an 

Obilacle 
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Obftacle more cafily, is to beat it back a certain 
Quantity in kfs Timc^ or to beat it back more in a 
determinate Time. For whatever the Obftacle may 
be^ it never fcnfibly gives way io an indivifible In* 
ftant. The weakeft therefore is that which fufFers it- 
fclf to be overcome in a Ihorter Time, 
^* The Air and the Water, through which the Bui* 
^t in our Experiment has paflcd fucccfllvely, one 
after another have been Obftacles to it's Motion. 
But as long as it was entirely in one or in the other 
of theft two Mediums, the Rcfiftance being equally 
diftributcd to all the Parts of the anterior Hemi- 
fphere, as we have flicwn in our Explanation of the 
foregoing Experiment* it*s Direftion could undergo 
no Change. The Obftacles, or the rcfift ing Parts of 
the Fluid making an Equilibrium on all Sides, it 
muft conftantly pcrfcverc in the Line A K, and after- 
wards in the Line K H. 

If the Equality of the Obftacles againft all the 
Parts of the anterior Hcmifpherc nop^ Fig. 5, keep 
the Body m in it's Direflion, as long as it continues 
in one and the fame Medium ^ it is plain that in 
paffing obliquely out of Air into Water, this fame 
Hcmifphcre, during the whole Time of it's Immer- 
fion, meets with Obftacles that are harder to over* 
come on one Side of it*s Surface than on the other. 
The Point R> for Example, coming to touch the 
Water, finds more Refiftancc than the Point Qj 
which as yet meets only the Air. So that the Equi- 
librium between the Obftacles on each Side being 
jiow broken, the Center M inclines on the weaker 

Side 
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Side, and begins to forfakc ii*s fitft Dire&ion S T. 
But as the Difiercncc between the Rcfiftancc of Wawr 
and that of Air^ depends chiefly on the Time to be 
employed in repelling each of thcfe two Fluids, this 
Difference will incrcafe in Proportion as the Velocity 
of the Body decrcafes. For if the Bullet were to ic- 
pel the Air and the Water with an infinite Vdociry 
their Refiftances being then nothing, or infinitely 
fmali, there would be no Difference between them. 

Therefore the Motion of the Body M grow-* 
ing more and more languid, by immerging into the 
Water, muft feel the Effeft of this incrcafed Diffe- 
rence, between the Refiftance that is made in the 
Part O R P, and that which afts againft O Q^N. 
So that the Centre M muft more and more fbriake 
it^s firft Di reft ion, and dcfcend through a fmall 
Curve-Line, the laft Element of which begins the 
new Direction U X, which the Bulk t follows after 
it's total Immerlion, 



Applications. 



The foregoing Experiment leads us natUfaUy to 
an Obfervation, which may be of fome Ufc to thofe 
who are defuous to kill Fifti in the Water, by (hoot- 
ing them with a Gun* However good MarkCnoi 
they may be, they would often fail of their Game^ 
if they had no regard to the Refradion which the 
Bullet muft fuffer, at it^ Entrance into the Water, 
What we have flicwn above, prov« that ihcy inuA 

fhoot 
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t lower (haa the Object i becaufe the Rultet al- 
ys rifcs 10 the Water, when we (hoot obliquely, 
is true, as we cannoc (hoot but at a fmail Depth, 
caufe of the great Refiftance of the Water ; and as 
tht Weight of the Lead, when the Velocity is 
cakened, dcftroys a Part of ihc Rcfrafl:ion by 
aking it fink *, and asbcfides the Objei^ has fonne 
Extent, which it is intended to hit ; it fcems in Prac- 
lice as if this Change of Dire^ion, which the Bullet 
meets with at entering the Water, is a Matter of 
fmall Importance, and fo may be negleftcd. But wc 
Ihould confidcr this, that the Filh we would fhoot is 
feen only by the Rays of Light, which proceed from 
it to us, which pafs obliquely out of Water into Air, 
and which therefore being in a State of Refradtion, 
do not rcprcfent the Objeft to us in it*s true Place, 
Add to this (which is naorc ncceflary to be obferved) 
that the Refradion of Light is made a contrary way 
to that of other Bodies^ as we fliall flicw when wc 
treat of Opticks : So that the apparent Place of a Fifli 
is higher than it's real Place, And this gives new 
Strength to the Rcafon before given, of fliooting 
lower, tho* we had no Regard to the Refraflion of 
the Bullet. 

Tho* Refraftions are naore commonly obferved in 
fluid Mediums, yet we may fay in general, that they 
take Place in all Bodies, even in thole that are fulldt 
when the Body that penetrates them, meets obliquely 
with Layers of Matter, which arc more rcfifting one 
than another. It happens very often, for Example, 

that when we would bore a Board, wub a Bodkin, or 

with 
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Ball whkii bib ilopg ST, %. 5. iiifoi lc& Re> 
faffioD ilnii chatt iriikh s dtroAcd aocofifing 10 il* 

And if wt recolkft wlm has hoca Sud^ to ffwc t 
JUtiooakof Re&adion in gocnl, we fiiall eafily 
percerfe, ortis frocn tbc lofpedioQ of the F^;iir€ 
alone» chat the Caolc of thb EftA iooales in Pro- 
portion as the Immerfion becomes more frWiqnf 
For it is plam^ the more the Direftioo is indjoed id 
the Surface of the Water, the looger Time the Fart 
O R N of the anterior Hemifphcfe is in che Airi 
and confequently, the Retiftance made by the Walcr 
on the Pan O R P, will ha?e lb moch the more Ad* 
vantage over that, which z€t% againft the correfpond* 
ing Points O QJN, 

But in whatever Degree we conlider the Refinc- 
tion» we Ihall always find it proportional to the 
Incidence of the Body, when the Molittmi condntie 
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the fame. And we may judge of it by comparing 
the Angles of Incidence ACP and BFD, Fig. 6* 
with thofc of Refraftion aCp and b¥ dy which are 
mcafured by the Lines PA, ap^ which are the Sines 
thereof. For if P A is to ^p, as 2 is to 3, the two 
fimilar Lines DB and db^ which reprefent the Cafe 
of a greater Degree of Rcfradtion, have ftill the fame 
Ratio to each other 

Wi muil not undertake to prove this by Experi- 
ments i for the Difficulty of direfting heavy Bodies 
in Lines that arc pcrfedly ftrait, and oblique to the 
natural Direftion of their Gravity, will not fuffcr us 
to do it. We £hall find a convenient Place to do 
fomething of this Kind, when we come to treat of 
Light, which is without the Inconvenience abovc- 
mentioned* 

We Ihall only add, and we fliall prove it in Faft, 
that when the Incidence arrives at a certain Point of 
Obliquity, the Refraftion will be made out of the 
refrading Medium, and which will then be called 
Reflexion. So that, for Example, a Stone or a 
leaden Bullet, inftead of paffing out of Air into 
Water, as we have fcen before, fhall raife itfclf up> 
after having touched the Surface, and form with it 
aimoft the fame Angle as ic made in falling. Set 
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EXPERIMENT HI. 



Preparation. 



Th e Quadrant of F/^. 4. mufl: be difpofed in fuch 
Manner, thai the Gun-Barrel and Line of DirciUon 
MN (jRrf, 7.) muft make with the Surface of the 
Water N P an Angle of about 5 Degrees ; and at dife 
other End of the Trough muft be placed a Plajik of 
foftWood S, which muft ftand perpendicular rb the 
the Surface of the Water, and prefcnt it's Fact 
length -wife to the Trough* Alfo a Frame of Gawfc 
muft be placed perpendicular to the Surface of the 
Water, of about a Foot in Length. The Gun be- 
ing charged as before muft be fired off. 

Effects. 

The Bullet being come to N, inftead of entering 
into the Water, and there fuffcring a Refrafiion as 
before, it rebounds from the Point of Contaft, and 
goes on to the Plank at S; making it*s Angle of 
Reflexion ONS nearly equal to that of Incidence 
MNP. 



Explanatxoks* 
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Explanations. 

In explaining the Caufcs of Refraiflion above, we 
have (hewn, that the Rcfiftance of the Medium 
againft a Ball that moves in a Right-Line, is exerted 
upon half of the fpherical Surface NO;i, Fig. 5. 
We have alfo fhewn in explaining the fecond Expe- 
riment, that when this Hcmifphere comes to touch 
two Mediums at the fame Time, one of which re- 
fifts more than the other, the whole Body, of which 
it is a Part, inclines moft on that Side which i$ 
weakeft. Whence it follows, that this Deviation mull 
be fo much the greater, as the refifting Fluids differ 
more from one another, and that the weakeft of the 
two poficfles the greateft Part of the Hemifpherc 
PRO Q^N, Fig. 5, The Rcfiftance of the Air is 
very fmaU, or continues but a (hort Time in Com-^ 
parifon gf that of the Water. And when the Bullet 
is dircded according to a Line much inclined, ^s it is 
in our Experiment -, one may eafily fee by the Figure, 
that the Part which anfwers to the Air, is much 
greater than that which touches the Water. Thus 
the Exccfs of Refiftance on the Part of this Ltter 
Medium becomes as a fixt Point, which refufes 
Pafl^igc to the Body for fome Time^ enough to give 
it Opportunity to continue it*s Motion in the Air, 

lich gives way to it very readily. 
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Hitherto we fee plainly enough, why the 
Bullet docs not enter into the Water, and why it 
finifties it's Motion in the Air, after having touched 
the more refifting Medium by a very oblique Direc- 
tion. But it muft be allowed, that what has been 
faid is not fufficient to Ihew, what it is that deter- 
mines it to rife upwards by another oblique Dlredion, 
which is found in the fame Plain as that of it's In- 
cidence. For tho* it muft finifli it's Motion in the 
Air, it docs not follow from thence thatitihould be 
obliged to raife itfelf up again, after having once de- 
fcended* If there were no Caufc to produce this 
Effcfl, wc could only expcft to fee the Ball Aide or 
roll upon the Surface of the Water, when it had 
once got to it, and that it continued to have fufficient 
Velocity to render the EfFcft of it's Gravity inlcnfible. 
In a Word, all that the Rcfiftance of the Water can 
do, is to hinder the Body from pafling through it. 
But while we confider in it only an invincible Ob- 
ftaclc, we do not fee how it can determine that Body 
to mount, which at the Point of Context fecms to 
have a Propenfuy to deicend. There is therefore 
fomething farther to be confidered, whether it be in 
the Water that reflecls, or in the Ball which fuffers 
this Reflexion, or elfe in both of them, rcfativelyto 
the Circumftances in which they are found in our Ex- 
periment. But as what paflcs here at the meeting of 
a fluid Surface, in the Cafe of a very oblique Inci- 
dence, happens always when a Body falls upon a 
folid Plain at all Inclinations whatever-; we fhall for- 
bear to examine the Caufe.of it, till wc fpeak of re- 
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fleftcd Motion in the following Srftion. It is 
enough for us to Mention at prefcnt, that there may 
be fuch an Obliquity of Incidence^ n<i that the Surface 
of the Water may have the fame ElTcd in Rrfpfd of 
a Ball of Lead, or any other hard Body, as if it were 
a folid and impenetrable Plain. 



A PPL! CATIONS. 



Th e Experiment we have now explained, may 
fcrve as a Caution to thofc who (hoot into the Water. 
If they do not Ihoot at a near DIftance, or from fomc 
Eminence, the Direftion of the Ball may become too 
oblique, and therefore may not enter the Water at 
all. So that a Perfon who fliould think himfclf very 
fafe on the oppofite Side of the River, may yet run a 
Rifquc of being hurt. And it will always be a pru* 
dent Precaution, not to ftand in the Plain of Re- 
flexion. In a Sea-Fight how many Cannon-Balls 
may be ken to rife again, after they have touched 
the Sea, and do that by a refiffted Motion, which 
they failed of doing by their firft Diredlion? * 

But without going fo far for fuch terrible Ex- 
amples, a Sport among Children, which every Body 
knows by the Name of Ducks and Drakes^ will (hew 
us the fame thing with Icfs Danger. A Stone that is 
a little fharp at the Edges, and thicker in the Middle, 
if it is Ikimed very obliquely on the Surface of the 
Water, will rijc again at the Point of Cunta6l, Yor 
Reafons which we have already produced. And if it 
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After having now examined the Changes which 
happen to the Dircftion of a moving Body, when it 
meets an Obftacle which it can penetritte, or in 
which it can continue it's Motion •, let us now fee 
what may happen to the lame Body, when the Ob- 
ftacle is a folid Body, which refufcs it a Pafiagc 
through it. 





SECTION IL 



Of RefieHed MOTION. 



IN the foregoing Sedion wc fuppofed, that the 
Obilacle which endeavoured to change the Di- 
region of the Body in Motion, was a Matter which 
it could penetrate, and in which it was able to con- 
tinue it's Motion for lome confiderable Space, fo a| 
to give M^ns to obferve whether it complied with 
a new Determination. Now we fuppofe the Ob- 
ftacie to be invincible, an impenetrable Mafs whiclv 
it cannot remove, nor open itfdf a Way to pafs far- 
ther, I fay, to pafs farther ; for as there is no Mat- 
ter which is perfeflly hard, and of which the Parrs 

O J. will 
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will not yield to a fufficient Force^ when one Body 
ftrikes againft another ; when even this laft cannot be 
difplaccd becaufc of it's Magnitude^ there is always 
made fomc Hollowncfs or Sinking at the Place of 
Contaft. And if this Sinking is fuch, as that the 
Body can infmuate icfelf into the Mafs) as when m 
Cannon-Ball enters the Ground, or when a Mufkct 
Bullet is difcharged into Sand, or a Heap of Snow; 
then theObftacle thus penetrared becomes a new Me- 
diunn^ and if there is any Refradion, it will be per- 
formed according to the Laws already eftablifhed. 

Thi Obftacle^ or the Body that is ftruck, being 
fuch then as we here fuppofc, immoveable as to it's 
whole Mafs, but flexible as to it's Parts j the Que- 
ftion is to know. How the moving Body will be di* 
refted after the Stroke. 

But before we anfwcr this Qiieftlon, it will be 
ncceflary to examine. Whether the Body that ftrikes 
will continue ii*s Motion ? For if it is to ftop with- 
out farther Motion, it would be in vain to feek for 
it*s Direi5lion. And there arc a good many Cafcs^ 
in which theObftacle will reduce it to Reft, without 
reftoring any Pare of what it will lofe. 

To fix our Ideas, let us conceive a Ball of Steel 
to Be thrown agiinft a Wall, And for the greater 
Simplicity, let us look upon the ftriking Body as 
perftflly hard, and only confider the Flexibility of 
the Body that is ftruck. In the firft Inftant of Con- 
taft the Ball will exert, againft a very fmall Space of 
the Stone which it hits, an Efibit which will be u 
it'$ Mafs and it's aclual Velocity, This fmall Num- 
ber 
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bcr of Parts, thus compreffcd by the Steel, will yield 
to it's Motion, and retire back upon the Parts that 
arc nearcft, and thofc upon the next. The Stone 
thus condenfes in this Place, and a little finking is 
made. But this EfFeft is not produced with a Ve- 
locity equal to that which the Body had at the Mo- 
ment it began to touch j for that which was difplaced 
made fome Rcfiftance, and every Refiftance (tho* at 
laft overcome) deftroys a Part of the Force which 
made it give way. Thus at the End of the firft In- 
llant the Ball of Steel will be retarded, and it's Effort 
at the Beginning of the fecond Inftant will be lels 
than it was at the firft. 

Now as the Parts that were ftruck during the firft 
Inftant retired backwards, their Sinking or Irtrocef- 
fion has given Way for the Ball to touch the Stone 
according to a larger Surface. The Body therefore 
will lofc more of it's Velocity during the Iccond In* 
ftant than the firft. Firft, becaufe it will have more 
Particles to repel \ and fecondly becaufe thofe of the. 
Medium which were driven in before, refift more 
than they could do during the firft Inftant. For 
then the Matter ftruck was lefs condenfcd, and the 
ftriking Body had more Motion. 

We fee by the Examination of thcfe two Inftants, 
that the Steel Bill, in penetrating into the^tone or 
Rock, muft diminifti in it*s Velocity by Quantities 
which go on always increafing; fincc the Parts that 
receive it's Effort multiply at every Inftant-, and 
finding themfelvcs more and more fupported by thdfe 

behind 
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behind ihen% their coanmm ReCiteiiCie iacnafes at 
kafl 10 the Ratio of ihck two Caufes. 

The Velocity of ihc Body may be rctaidcd either 
uniformly or not. This Ditninution cajuioc biodci 
it from perfeveriflg in it's firfl DircSi0n» as long &$ 
ic has any Motion ac alt. So that the Cavity which 
m made in the Scone wiU not be compkat titl the 
Ball ceafes to niove. And« on the contrary^ we may 
conclude, that the Ball is reduced to a State of Reft, 
when the Parts of the Stone retire no longer. So 
that if no new Caufe is then found, to communicate 
Motion CO the Ball i as it has intirely confumed what 
it had received at it's firft Determination, we fee it 
cannot move any longer. And indeed Experiment 
ihews us, that it rnove^ no more. For if the Part 
of the Wall which is expofed to the Stroke, b foft 
Stone or Plafter, the Ball remains in the Hole it has 
made, or elfe it falls back by it*s own Weight, if no- 
thing hinders it. 

But it i$ not fo if the Obftacle it meets with is a 
hard Stone. We (ball then fee it rebound after the 
Stroke, and a different way from it's Brft Diredion. 
This is called rejle£led Motion, We will fee then 
what is the Caufc of it, and what arc the Laws by 
which it is governed. 

In the Stone, as well as in the Plafter, there is 
made during the Stroke a Hollownefs or Stoking, 
which only differs according to more or lefs. But 
when the Obftacle is cla flick, fo that the Parts drove 
in have the Power of reftoring themfelves, in the 
PJace and in the Order they had before they were 
% difplaccd *, 
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difplaced ; it is eafy to fee why the ftriking Body 
begins to move again, and what determines it to a 
Direction different from that it had before. For the 
Parts forced in, by reftoring themfelves again drive 
back the Body before them, and give it the (amc Di- 
reftion they themfelves have. 

Now allelaftick Bodies arc not equally fo ; and wc 
may affirm^ that we know none that arc perfcftly fo, 
Yet wc will fuppofc them fuch at prcfcnt, to make 
oor Theory the more fimple; and we will firft con- 
fider the direft Stroke, that is to fay, that of a mo- 
ving Body direfted perpendicularly againft the Sur- 
face of the Obftacle. 

Supposing the Obftacle DE, Fig.Z. to be a 
Body of which the Elafticity is perfcft -, the Point 
of Conraft A, drove on to B by the Effort of 
the Body C, ought to return back from B to A, with 
a Velocity equal to that with which it was difplaced. 
The Body C, which it drives before it, dcfcribes the 
fame Space in the fame Time. And when by this 
Rcadlion it is become again a Tangent to the Sur- 
face D E, it finds the fame Degree of Motion to go 
from A to F^ as it had when paffiog from F to A, 
it began to make the Cavity d^e. Thus an Ob- 
ftacle, whofe Elafticity is perfe<5t, would reft ore to 
the Body, by a complcat Reaftion, al! the Motion it 
had deprived it of, during the Time of the Com- 
preffion, Wc are now to regulate the Direftion of 
this rcflefted Motion. 

In explaining Rcfraftion we have fhewn above, 
that when the Body M (F;^^ 3.) falls perpendicularly 

upon 
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upon a refrafling Medium, it does not leave the 
line of it's firft Direftion, and that as well after, as 
before the Immerfion, it tends to the fame Form. Be- 
caufe all the Parts of it's anterior Hemifphcrc are 
equally fuftained by the Refiftance of the Flaid ; and 
that there is no Caufe that can favour or abate it's 
Motion more on one Side than on the other. For a 
like Reafon* if the Surface D E is folid and pcrfeftly 
elaftick, the Body which comes from F to A, after 
having made the finking ^ B^, will be fent back in 
the fame Line exaftly^ and towards the Point F i 
becaufe the correfponding Parts G, H, comply with 
Reaftions that are perfeftly like, the Equilibrium of 
which neceflarily keeps the Center C in a Line, the 
Terms of which are A, F< 

We have before proved (fee Ftg. 5O that in the 
Cafe of oblique Immerfion^ the Body forfakes it's 
firft Dirtdion ; and we have fhcwn the Ciufe of it, 
in the Inequality of Rcfiftances, which aft upon the 
Points P» R, O, Q^ N, duing the Time that this 
Hemifphcre is plunged into the refradling Medium. 
We have alfo obfcrvcd^ that in this Deviation of the 
Body caufcd by Retardments, which go on always 
increafing till it is plunged, the Centre M dcfcribes 
a little Curve M V, 

The fame thing happens, and for like Reafons, 
when a fpherical Body fails obliquely upon a folid 
and elaftick Pbin, Fig, 9. The Parts drove in are 
fo many little Springs, which have been bent by the 
Effort of the moving Body, and which flacken ii^s 
Velocity more and more, till ^t laft it has confumcd 
2 all 
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all the Motion it had, when it began to touch the 
Surface of the Plain in L Thence proceeds the little 
Curve ik dcfcribcd by the Centre of the Body. 
And it is manifeft, that if this Plain (fo drove in) 
were to End at the Point L, the Ball would efcapc by 
the Line LM, and con fequtntly it's Centre would 
defer ibe the Parallel Im, 

But during the Time of it's being thus forced in, 
as it touches the Plain according to a Surface, and not 
in a Point \ and as all the Springs which it has bent, 
will unbend thcmfclves fucccflivcly, and according to 
the Order in which they have been compreffcd ; a 
double EIFeft will proceed from hence. Firft, it re- 
affumcs it's firft degree of Motion, bccaufc it is re* 
pclled by as much Force as comprcfled it. Secondly, 
it will afccnd again by a Curve M P, Fig. 10 like to 
that which it followed in making it's Cavity ; becaufe 
the Springs it h;is bent will unbend themfelves againft 
it's poftcrior Part, and give it a Velocity which is 
accelerated from M to P ; juft as that which it had 
at firft was retarded from I to M. Thus as the Ex- 
tremity I of the Line of it's Incidence was the begin- 
ning of the firft Curve, fo that of it's Reflexion P Q^ 
is the Continuation of the fecond. ' And after this 
Manner the Angle R M Q^ will become equal to 

SMT. 

Th e Equality of the Angles of Incidence and Re* 

flexion may be demonft rated in a more geometrical 
Manner, if we admit a Principle which will be proved 
afterwards, when we come to fpeak of compound 
Motion, That is, that the Body which dcfcribes the 

Line 
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Line T M doea the fame as if it had been infiueoccd 
by two Powers, one of which would have given it i 
Velocity ncceffary for defcribing the Line TV, while 
f he other (hould make it defccnd from the He^t 
T S, When it is arrived at M, if any Caufc whac* 
ibever ibould annihilate it*s Motion downwards, with* 
out diminifliing that which urg^s it horizontally \ it 
is evident that in a Time equal to that which it takes 
up in coming from T to M, it will go from M to R. 
being no longer influenced but by a finglc Power, 
But inftead of this Suppofition, when the Body 13 at 
M, if the Power that urged it downwards (hould all 
of a fudden be converted into another equal Force, 
which urges it to move upwards, it will doubde6 
afcend along M Q^, with the lame Degree of Velocity 
with which it dcfcended along T M. Bat we have 
feen before, how of thcfe two Motions, of which 
the oblique Incidence is compofed, that which is 
perpendicular to the Plain is annulled in the moving 
Body, and is changed in a like Degree into an othetj 
which is oppofite in the lame Line, 

Hitherto we have fuppofed the moving Body 
10 be inflexible, and we have only confidered djc 
Elafticicy of the refleding Plain. Bat it is eafy to 
conceive, that the fame Lffc<5ls muft take Place, if 
the Plain is perfcdly hard, and the Ball is an elaftkrk 
Body. For in the Stroke it would grow flat, and the 
Parts beat in, by rcftoring themfclves, wouJd be 
fopported by the Plain, and would repel the Body 
with the fame Velocity, with which they had been 
comprefied, and in the contrary way. 

Iiro£E9 



LeBures in Experimental Phihfophy. zz^ 

Indeed neither of thde twa SuppoGtions arc 
exadly conformable to Nature. For as we know 
no Bodies that are endued with perfcA Elafticity, fo 
we know none that are quite deprived of iL So that 
whenever there is a Reflexion, we may affirm, that 
both the moving Body and the Obftade have 
their Share in it, according to their Degree of Ela- 
fticity. 

It may alfo happen, that a third Body, fqucezed 
between each of them at the Time of the Shock, 
may have fome Share in the refleftcd Motion, by 
performing the Office of a Spring, which one way 
unbends againft the Obftacle, and the other way a- 
gain ft the moving Body. And then whether the 
Incidence be dircft or oblique, we may expedt all 
chat has been hitherto explained, when we fup- 
pofcd only the Obftacle or the Body llruck, to be 
elaftick* 

It appears then, that the Things moft neccflary 
to be known, concerning reflefted Motion, may be 
reduced to thcfetwo Heads, Firft, that Elafticity is 
a ncccflary Caufeof Reflexion. Secondly, that the 
Dircftion of refledcd Motion is fuch, that the Angle 
of Reflexion is equal to that of the Incidence of the 
moving Body, when the Readion is perfcft. 

Tho* thefe two Propofitions cannot be proved by 
Experiments that arc rigorouily exaft, becaufc wc 
know no Body endued with perfect Elafticity, or 
that has none at all , and bcfida the Gravity of the 
moving Body, and the Rcfiftance of tlie Air will 
hinder fome Part of the Effedf i ycc w(^ mty flie%v 

nearly 
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nearly what ought to be, by flicwmg what is. Wc 
fliall take Care to obfcrvc, when any thing foreign 
mingles itfclf with the Fafts ; and the Remainder 
will reprefent to U3 lufficieotly what has been now 
taught. 



EXPERIMENT I. 

PHEPAR AT ION. 

'The Machine which is reprefcnted by F!g. ii, 
ought to be placed in fuch a Manner, that it*s Bafe 
fcall be in an horizontal Plain. A B is a Cittern of 
about an Inch deep, which is filled with Clay mixt 
with fine Sand, in fuch Qiiantiry as to be very fofc, 
and yet not too clammy. This Cittern or Tray can 
move upon a Hinge, which is at A, and may be 
fixt at any Degree of Inclination required, by Means 
of a Clafp and a Skrcw at A. C is a little Brafe 
Pipe fixt to a running Spring, which Aides in an open 
Groove in the Arm of the Frame, through which a 
leaden Ball may pafs, which is fitted to it. 



EfFE CTS, 



When the Leaden Ball is dropt through the little 
Pipe C, whether it comes perpendicularly to the Sur- 
face of the Cittern, or whether the Cittern prefcnts 

kfelf 
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It makes a finking 

there lofes it's whole 



EXPLANAT IONS. 



When the falling Ball begins to touch the foft 
Earth, it has then a certain Quantity of Motion* 
'Tis at the Expenfe of this Motion, that it difplaces 
a Portion of this foft Matter. It muft then ccafc to 
move» when the Parts it nicets at Reft in it's Direc- 
lion have been removed fo far off, as the Quantity of 
it's Effort required. And it cannot ceafe fooner, 
becaufe a Body in Motion cannot be reduced to a 
State of Reft, but by an Obftacle, tlic Rcfiftancc of 
which is equal to the whole Qirantity of it*s Force. 

Whether a Ball falls perpendicularly upon a 
Plain inclined to the Horizon, as in one of the two 
foregoing Experiments; or whether it comes by an 
oblique Line againft an horizontal Plain, as is repre- 
fcnted in Fig. 12. 'tis juft the lame thing as to the 
EfFeft that will follow. And if the Plain is flexible^ 
and without Elafticity, as we fuppofe it to be, the 
Motion of the BaU muft be entirely deftroycd there- 
in, as well as in the foregoing Cafe. For the oblique 
Direftion makes no Change in what wc have fa id a- 
bout the perpendicular Fall. At moft it can only 
caufc a little Rcfraftion, which wc may negleft, be- 
caufe we fuppofe the finking to be but little ccnH- 
Iderable. But it has nothing of itfdf, which can raife 
^ V O L L P the 
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the moving Body above the Plain, vrhich il has once 
approached to. 

Applications. 

Bodies without Elafticity, or which have it but 
very imperfeftly, are fitter than others to fubdue 
violent Efforts ; becaufe they retard the Vekxnty of 
the Body by Degrees, and reduce it to Reft by yield- 
ing from more to lefs. To underftand this well we 
may confider, that there is no Motion, however quick 
it may be, but takes up a determin|te Time. Thus 
when the Body M, Fig. 13. defcends along the Line 
D E, to make Room for it's Hemifphere in the fofc 
Earth ; tho' to Senfe this Effeft may feem to be per- 
formed in an indivifible Inftant, yet wt may con- 
ceive the Time of this fmking to be divided (as it 
were) into feveral equal Moments, during whkh the 
Body exerts it's Force againfl the yielding Particles* 
But this Force diminifhes at every Inftant, and it di« 
miniflies by Quantities which increafe much fader 
than the Times. For at the fecond Moment, the 
Refiftances are in much greater Number than in the 
firft •, becaufe she Hemifphere (being farther funk) 
will prcfent a greater Surface to the foft Earth, which 
it muft repel : And the Parts already compreffed, 
make a greater Struggle againft being removed. We 
may therefore confidcr the three Spaces D, F, E, ai 
the Refultsof three equal MonnentS* during which 
tiie Body M has fpcnt it's whole Velocity in defcrib- 

sng the line DE» 

• ' . ■ . All 
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All Obftaclcs which thus give way^ partake of 
the Effort of the moving Body, and ftop (as it were 
at fcvcral Times) a Force which could not fail of fur* 
mounting them, if their whole Adion was contracted 
into a fhortcr Time. For could a Drum, for In- 
itance, with (land the Force of one Stroke, which 
fhould be equal to the Sum of all the Strokes, im- 
preffcd by the Sticks in an Hour*s Time ? An Oaken 
Plank cannot ftop the Force of a Mufket-Ball, which 
t Sack of Wool would deaden in a fhort Time. 

*Tis for a like Reafon, that we are not hurt by the 
Fall of a hard Body, which we receive within our 
Hands, provided the Hand yields for fome Mo- 
ments, and does not ftifFcn itfeif againft it Wc 
fhould run a Hazard of breaking the Rope, when we 
ftop a Boat carried away by the Stream of a River, if 
we had not the Caution to let it run out by little and 
little^ and fo overcome the Jirk by dcgrea. 




XPERIMENT It 



Preparation; 



We make Ufe of the fame Machine for this E«- 
periment, which ferved for the foregoing, and is re-* 
prefcnted by Fig. ii. But inftead of the Giftcm 
filled with foft Earth, we pot there a Slab of black 
Marble well polifbed, and dawbcd over with a flight . 

P a CoaC 
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Goat of Oil % and the Ball made to fall through the 
little brafi Pipe is of Ivory, 

Effects. • 

When the Ivory Ball is let fall perpendicularly 
upon the Marble, after having touched the Plain, it 
rebounds by the lame Line along which it fell ; but 
not fo high as the Place from whence it fell. And 
we may perceive upon the Marble a round Spot, 
which is about a Line in Diameter. 



Explanations* 

What we have faid above, in difcuffing the Quc- 
ftion about refleAed Motion, will fuffice to explain 
the Faft now related. The Spot found upon the 
Marble, proves evidently that in the Shock there 
was a Compreflion of Parts in one of the two^odies, 
and ptebably in both, as we have Ihewn when we 
treated of Elafticity. And after the Experiment 
ended, as we fin{! die Surfaces in the fame Condition 
they were in before the Contafb, it is plain they have 
reftored themfelves. And we have (hewn, that this 
Reftoration; if it were perfeft, would be fufficicnt''to 
give back to the Body all the Motion it had fpent, iir 
following it's firft Direftion, but the contrary way.* 
If this EfFea has not it's full Force, 'tis becaufe the 
Refiftance of the Air oppofes it in fome meafure ; . 
• - - .. and 
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and there is good Reafon to think, that neither the 
Ivory, nor the Marble, rcftore themfclves with the 
fame Vclociry, with which they arc comprcffcd. 

Application. 



Am elafttck Body* that has been compreflcd, and 
then permitted to reft ore irfclf, does not return to it's 
firft State, till after a certain Number of reciprocal 
Motions z^\t^ Vibrations^ which arceafily perceived 
in a Plate of Steel, in the String of aHarpfichord, in 
a Branch of a Tree, and fuch like \ which has been 
bent, and then left to itfcif This Motion, which 
brings back the elaftick Body beyond it's Place of 
Reft, proceeds from hence, that the comprcflcd Part 
in reftoring itfclf, takes again the fame Degree of 
Velocity, which it had received at the firft Inftant of 
the Shock, and the contrary way, as we have before 
explained. Let us take for an Example a String of a 
Viol, orof aHarpfichord, Fig, 14. ftrctched between 
two fixt Points G, H *, againft this we make a folid 
Body to ftrike, with a Quantity of Motion fufficienc 
to bring it from the Point I to the Point K, This 
Percuflion lengthens the String -, for it is plain the 
Sum of the two Lengths G K and H K is greater than 
GH- If it can freely rcftore itfclf, it's Spring will 
bring back the Point K to I, and then it will have, 
in thcDiredion IL, a Velocity equal to that which 
the PercufTion had given it to go to K. This Velocity 
luuft have it'sEffefti it will tranfport the Point I 
P 3 towards 
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cowards L, until fufficient Rdiftances will finally 
make it ceafe. Now if the middle of the String 
moves in this Manner, the Parts that comp^ it oa 
each Side maft be lengthened, and their Refifiance 
will more and more weaken this Motion. It will 
end at laft, when the whole Vekxity of Rea&ion is 
fpenr. And it is eafy to fee, that in returning from 
K to I, if the String is found to have the lame De^ 
gree of Velocity that it had received by the Stroke» 
Codefcend to K, the Line I L ought to become eqtal 
to I K. If the Elafticity was perfeft, and thefe Vi? 
brations were performed in a Medium that had qo 
Jlefift^ce, thefe Sorts of Motions woyld be perpe- 
tual. For when the String is arrived at L by virtue 
of it's Readion, it has the fame degree of Tenfion 
whieh it \}zd when it was ftretched at the Point K i 
and confequently it would have the Force neceflary 
%o return thither at the fccond Vibration. We may 
fay as much pf the third, and of others ad infinitum. 
Hut the Reaflion being never compleat, for the Rea- 
fons mentioned before, the fecond Vibration has lels 
Extent then the 6r(t, and the third ftill lefs than the 
fecond ; and thefe Diminutions 4t Uft reduce th$ 
String to it's firft Condition. 

I H A v? taken a String as an Eicample, in order to 
make this ]f xplanation the more fenfible \ but we 
(hould conceive, that the fame thing happens to all 
elaftick Bodies^ except a Difference of more or leis, 
according to (h^ Figure and Rigidity of the Parts. 
Thus the Parchment of a Drum becomes alternately 
fWK^Vf ^a (:qpvq( ^ «Dd Ui^ M «f Itott wbic^ 
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fcH upon the Marble^ did not rcfume it's fphcricai 
Figure, till after having been for fome Time an EI- 
lipfoid, of which the greateft Diameter is fucccllivelf 
both horizontal and verticaL Fig. 15. 

*Tis a Thing remarkable, that the fame Spring 
makes all it'sVibrationsifochronai, that is, perform- 
ed in equal Times, whether they arc final] or great. 
And we had then an Opportunity of feeing the Proof 
of it, when we ftiewed the Ufc of the Machine, 
Fig. 9. of Leflure 3. with whkh we meafured the 
Degrees of Frift ion. For by comparing the Vibra- 
tions of the fpiral Springs with the Ofcillations of a 
Pendulum that vibrates Seconds, we fliall very eafily 
obferve, that the firft and the thirtieth (for In- 
ftance) arc performed in Times that to Senfc arc 
equal. 

It is farther to be observed, that diflcndcd Springs 
rcftore themfclves with fo much the more Velocity, 
as more Force is required to bend them* Thus tho* 
two thin Plates (hould be equally elaftick, if one of 
the two is more flexible than the other, it will make 
Vibrations that will have lefs Extent, but which will 
be more frequent ; which we fliall (hew hereafter, 
when we come to fpcak of Sounds. 



EXPERIMENT IIL 

Preparation. 



For this Experiment wc (hall make ufc of the 
Machine, Fig, 11. which ferved for the forrgolno;. 

F f But 
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But in(lead gf putting the tnarbk Slab or Tabic in trf 
horizontal SicuatipPr ^^ ^^' now makjck indiiiet' 
as th^ I^ne AD, And we advance the little Pipe C 
, in it's Groove, fo that it may be .4iredly over the 
PoptE.. 

Effec'Ts. 

If the Ivory Ball falls upon the marble Table ac- 
cording to the Line N]&, it will proceed along EF, and 
lodge itfclf in an Opening made. in the Piece G, the 
Breadth of which is equal to the Diameter of the Ball. 
And on the Surface of the Marble may be obferved a 
Spot, not perfedly round as in the foregoing Ezperi* 
ment, but a little oblong, and fituated in fuch man- 
ncr, as that it's greatcft Diameter will be in the Plain 
of Reflexion. 

Explanations. 

We have fufficiently explained theCaufcs of Re- 
flefted Motion, and Experiment ftiews us, that the 
Angle of Refleftion AE F is nearly equal to that of 
Incidence HED. Therefore I need not fo much 
infift on proving the Equality of thcfe Angles, as in 
fhcwing why the Angle of Reflexion is not ilriftly 
and rigoroufly equal to the other. There are three 
Caufcs that concur to make it fomething Icflcr. Firft, 
the Ball that ftrikes, and the Plain that rcflc(as it, 
have not a perfcdb. Elafticity; therefore the Reac- 
tion is not compleat. Secondly^ the Air that muft 
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be divided to pafa from E to F, rcurds a little the 
Velocity of the Body, It is therefore a longer Time 
in it*s Paflage than it ought to be, and this Rctarda- ! 
tion gives Occafion for the Admiflfion of a third 
Caufe. For thirdly^ Gravity afts upon the Ball as it' 
defcribes the Line EF or EG, and impek it down- 
wards. Therefore inftead of dcfcribing an exad right 
Line, it arrives at G by a curve Line, the Extremity 
of which is a little lower than the Dirc<5lion of it's 
Refleftcd Motion would require. 

But tho* the Equality of thefe Angles cannot take 
Place in the natural State, yet cannot we perceive even 
through thefe Obftaclcs, that it is nevcrthelcls aa 
cftablifhed Rule in Nature, and founded upon Lawi 
that arc generally acknowledged ? 

The little oblong Spot that we fee upon the 
Marble after the Contaft, is a dear Proof that a Ball 
which flrikcs an Obftacic obliquely, penetrates it by 
a curve Line, as we have faid above i and that it 
i comes out of this Cavity by a like Line. Thus the 
H longer Diameter of the oblong Spot is reprefcntcd 
^ by the Line pi. Fi^, lo. 

r 
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Applications. 



The Games of Billards and Tennis, are almoft 
entirely founded on the Rule we have now explained 
and proved. In one of them there is a fpherical Body> 
which is commonly ftruck againft a Plain, according 
to an oblique or perpendicular Dircftion, In the 
Other it is the Plain itfclf which is prefcntcd to the 

Body, 
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Body, tinder different Angles of Inclination. And 
the principal thing in each, is to eftimate well the re« 
flexed Motion I9 the Aag^ of faKsdenoa. 

Wu2!f a Quinon-BaU <iaSdmgA horimntallf, 
comes to touch the Ground, it reboonds feveral times 
fucceliively; and it's Marks are obferved upon the 
Ground, which are much longer than they are wide 
or deep. 'Tis the Bullet that grazes and mounts a- 
gain, as the Ball in our Experiment, obferving two 
Curves which join together at the laft Hcfftt of fink* 
jng, where the Reflexion commences. And as it's 
Vekxrity downwards, is much lels than it'ls horizon- 
tal Motion *, it defcribes a very great Length, in the 
&me Time that it defcends to a very little Depth. 
And hence proceeds that great DiflTerence that is ob- 
ferved in thefe two Dimenfions, when the Traces we 
(peak of are examined*. 




SECTION 
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SECTION IIL 

Of tbt Communictttion of MOTION in the CoOyhn 
of BODIES. 



A 




LTHOUGH the folid Obftacles, which 
ftop or which rcfleft moving Bodies^ ba\*e 
their EfFcfts only in virtue of the Motion, which is 
communicated to them by the Body ; and that this 
Communication is made according to the Rules that 
we fhali eftablifh in this Seftion ; yet we have thought 
proper to treat feparately of this Adion of Bodicj, 
confidered in the Cafe wherein the Body Ilruck, lets 
us perceive the Marks of the Percullion it fuffers, by 
a fcnCble Removal of it's whole Volume. That is to 
lay, that after having taught what happens to a Body 
in Motion, as well in Refpefl: of it's Velocity, as of 
it*s Direftion, in relation to an immoveable Obftacle, 
or which is confidered as fuch ; we Ihall now examine 
the Changes, of which both of them (the Velocity 
and Pircdion) arc fufceptible, when the Obftacle i$ 
removed by the Impulfc, or at Icaft may be fo. And 
tl^a; we tpay proceed from what is more fimple, ta 

wh4C 
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what is compound, we fliall firft confidcr the EffedU 
of PcrciilTion in foft Bodies, wherein Reaction can- 
not take PUcc, in order to go on afterwards to the 
Collifion of ehftick Bodies* 

We always fuppofc, in order to make our Theory 
more fimple and cafier to be apprehended j firft, 
that the Bodies which ftrike, arc cnducf] with a per* 
feft Elafticity, or clfc have none at all. Secondly, 
that their Motions are performed in a Medium with- 
out Refiftancc, and without Friftion. So that the 
Doftrinc we are going to deliver would be falfe, if 
the Fads exhibited fhould be found to be exadUy rc* 
prefcnted by the Experiments. For the Hindrances, 
from whence we make Abftraftion, muft ncceflarrly 
have fome Influence upon the Refults. So that our 
Proofs ought not to pafs for concJufive, but when 
they fhall appear to produce fomcthing Icfs than what 
might have been expeftcd. Thus, for Example, if 
the Body A, coming to ftrike the Body B| Fig. i6*^ 
ihould make upon it the whole Imprcllion it is able. 
In virtue of the Motion it has at parting from the 
Point tfi it would then do too much, becaufe befides 
this it muft overcome the Fridion, the Refiftancc of 
the Medium, 6?^. It would therefore exert upon the 
Body B, which is the laft Obftacle it has to overcome, 
only the Force which remains to it, after having fur- 
mounted the others. And if we make no Reckoning 
cf what it will have loft in overcoming thofc others, 
we cannot expeft a compkat Effcdt, when the Per- 
cuffion is performed at b. 
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We ihall here only con fidcr the dirc£k Coll ifion, 
that is, fuch as is made by two Bodies* whofe Centres 
of Gravity are found in the Dircftion of their Mo- 
tions, as in Fig. 16. And to make the Execution 
more cafy, we vfill make all our Experiments with 
fpherical Bodies, which we will fufpend on very fine 
Threads, Fig, 20. that we may diminifh the FriftionSt 
and the Refiftance of the Air, as much as poflible. 
And as we fhall often have Occafion to know the 
Degree of Velocity of thefe little Globes; we will 
keep them fufpendcd upon fixt Points, about which 
ihey may dcfcribe Arches of Circles, which may be 
meafared by Graduations, Fig. 21. What fhall be 
afterwards taught concerning Gravity, will let us 
know, how by the Length of thefe Arches we may 
regulate the Velocity of the Bodies which defcribe 
them, ThisisaMethod which has been fucccfsfully 
ufed by many able Philofophers, and efpecially by 
Mr Mariotte. The Machine I make Ufc of, and 
which is reprcfented by Fig. ij. is the fame as his, 
which I have rendered more convenient, and extended 
to other Ufes. 

Before the Appulfe of two Bodies, there is a 
Space between them to be pafTed over, either by one 
of the two entirely, or partly by one, and partly by 
the other; otherwifc there could be no Collifion. 
This Space cannot be paflcd over but in a certain 
Time, and the Duration of this Time, meafures the 
relative Velocity of thefe two Bodies. That is to fay, 
the Velocity with which the Diftance diminifhes, 
whether one of the two continues at Reft, or whether 

they 
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they both move the Umt way* or contrary ways, with 
equal, greater, or Je& Velocity than one an^othcr. 
So that if the two Bodies A, B, Fig, 16. at the Di- 
ftancc of 4 Feet, are joined together in a Secondt the 
relative VcJocrty is the fame, whether B alone de- 
fcribes the whole Space, or whether he meets A 
coming towards him at the fccond or third Foot, (ic. 
provided that the Motion by which one approaches 
to the other, is performed in a Second* Therefore 
this relative Velocity muft not be confounded with the 
ebfeluie Vehcityy or the proper Velocity of each of the 
moving Bodies. For we fee, by this Example, that 
this may vary in foch Cafes as the other would not 
change at all. 

The Relative Velocity being given, we muft ftill 
confider the Ma (Tes, For the Body ftruck, oppoles 
it's Inactivity to the ftriking Body, and we have feco 
clfewhere, that this kind of Refiftance is mcafured 
by the Quantity of Matter contained and connefted 
together under the fame Volume* Therefore wff 
ought to expeft, that in the CoUiiion, a great Ma& 
will receive Icfs Velocity than a fmaller. And ta 
make the fame Body acquire more Motion, more alfo 
muft be given to the Body which is to communicate 
it. Becaufe the Inaftrvity not only reCfts Motion, but 
aJfo a greater Degree of Motion 5 as we have proved 
clfewhere. 

When we mentioned Motion in general, we al- 
ways forbore to examine Into the Nature of this Kind 
of Being, or rather of Modification, becaufe this Kind 
of Queftions belongs more to Mctaphyficks than co 
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Experimental PhUofophy, For the very &me Reafon 
wc ftiall not amufc ourfclves to examine how Velo- 
city paiTes from one Body into another. Wc Ihall 
confine ourfclvcs, to fuch Fads as can be made ma- 
nifcfti and in running through the more general 
Cafes, wc fliall fettle, by way of Experiment, fuch 
Propofitions as may be confidered as Principles or 
Laws, to which we may reduce other Effcfis more 
particular, as fo many Confcquenccs. 



ARTICLE I. 



qf tbt COLLISION of BODIES that ar^fK^t 
ekjikk. 



PROPOSITION L 



Ws E N a Body at Reft is ftruck by another Body* 
the Velocity of the ftriking Body ought to be di- 
vided between both^ according to the Ratio of their 
Maflcs. 

That is to fay, that after the Shock the two Bo* 
dies will continue to move according to the Diredion 
of the ilriking Body •, and that the Velocity of this 
being diminiflicd by the Refiftance of the other, the 
Remainder which is common to both will be fo much 
the lefs, as the Body which is ftruck (hall have more 
Mafs, 
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Thus the Body at Reft being Itruck by a Mkfi 
equal to it's own, the Velocity after Che Stroke will iie 
reduced to one half. 

Thbre will remain two Thiixls of the Velocity, 
if the ftriking Body is double to the other. 

If it is the Body ftnick which is double in Bulk to 
the other, theVelocity, after the Stroke, will be bat a 
third Part of what it had before. We will bring tfaeie 
three Cafes to a Trial. 



EXPERIMENT L 

Preparation; 

The Machine which is reprefented by Fig. 17, 
being difpofed in fuch Manner, that the Plum-Line 
may be parallel to the Line A B ; that the two 
Threads of Sufpenfion C D and E F nuy fuftain in 
one and the fame Line, and at the fame Height, the 
Centres of the two Balls of fofc Earth, each of which 
weighs two Ounces ; and in fuch Manner that being 
at Reft, their Surfaces may touch in a Point ; that 
the firft Graduation of each of the two moveable Ru- 
lers G and H may be over againft each of the 
Threads ; and laftly that the little Runner or Index L, 
may be placed a little before the third Graduation of 
the Ruler G, and the other Index M over againft the 
fixih of the other Ruler H. 

EFFBCTSi 






Effects. 



The Ball F being removed to M, and then left to 
Kill of itfclf by it*s own Weight, will ftrike the other 
Bali D. Each of them arc flattened alike at the Place 
of Contaft, and, after the Stroke, both of them move 
the fame way, and the Thread, that fufpends the Ball 
D, goes to the Index L. 



I 



Explanations. 



K 



Wheh the Ball F falls along an Arch of fix Gra- 
duations, if it found no Obftade, it would afccnd 
along an equal Arch on the other Side. Of this we 
tnay be aflurcd by taking the Ball D out of it's way ; 
and wc fhall explain the Reafon of it, when we come 
to treat of the Phenomena of Gravity. So that when 
it comes to F from the Point M, it's Motion is then 
fuch, that it can raife it*s Mafs of two Ounces into an 
Arch of fix Graduations. But a Force, which can 
tranfport a Mafs of two Ounces to fix Degrees Di- 
(lance in a given Time, can tranfport a Mafs as big 
again but half that Diflance in the fame Time. But 
when the Ball F meets the Ball D, which does not 
fufFcr it to pafs farther without carrying it along with 
it i 'tis a Velocity of 6 Degrees applied to a Mafs of 
4 Ounces : and both together will ceafc to move, 
after having defcribcd only 3 Graduations, as the 
Experiment fticws. 



VOL. L 



At 
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At theTime of the Shock the flattening is oiadein 
both the Balls, and in the prefentGi(e this flattening is 
equal in both ; which two Fadts deferve to be ob* 
ferved and explained. 

We have faid already, that nothing in Nature is 
performed with Precifion, and per fpUum. And the 
EfTeds that are moft quick, and to. our Senfes appear 
CO be almbft inftantaneous, are always produced in a 
finite Time, that is to fay, in a Time the Duration 
of which is not the fhorteft that we can conceive. 
When the two Balls begin to touch, the more ad- 
vanced Parts of the ftriking Ball have already loft a 
Part of their Velocity, whilft the Centre and the 
more remote Parts ft ill retain theirs. Therefore *tis 
not till after fome Inftants are paft, (very fhort ones 
indeed) that this lingring Mafs aflumes a Velocity 
equally retarded in all it's Parts. But if the Parts of 
a Body are moved fome quicker than others, their 
relative Pofition, or (which is the fame^ the Figure 
of the Body muft be changed. The flattening there- 
fore of the Ball F is an EfFeft, and alfo a Proof, of 
the Velocity being cxceflively retarded at different 
Times. 

Th £ fame thing may be faid of the Ball that is 
ftruck. It does not pafs from it's State of Reft, to 
three Degrees of Velocity all at once. The Parts 
that are immediately expofed to the Shock are moved 
fooner, and quicker, than the Centre and the farther 
Hemifphere. And thefe fuccefljve Removals create 
an Introceflion of Matter, which changes the Figure 
of the whole. 

Now 
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Kow thcfe flatcentngi in each of the Balls are caofed 
by their Inadivity^ which oppofes any Change of 
State in both ; and this Force of Inadliyity is equal 
to the Mais. So that in the Shock of two Bodies^ 
of the fame Matter and of equal Weighty the flal* 
tenings in each ought to be equal. 

EXPERIMENT IL 

PkEPARATlOM. 

Th £ Ball D is made of 4 Ounces, and the Ball ^ 
of 2 Ounces. The firft remains at Reft, and 6 De- 
grees of Velocity is given to the other. Other things 
are difpofed as in the foregoing Experiment. 

Effects* 

After thetmpulfe the two Balls continue to 
touch one another, and defcribe together two Gra^ 
duationsj and the flattening of each is greater than in 
the foregoing Cafe« 

Explanations. 

The 6all F by defcending from 6 Graduations re-J 
ceives 6 Degrees of Velocity ; that is to fay, it can 
carry it's own Weight the Space of fix Graduations 
on the contrary Side. But this Weight being en* 
creafcd by two thirds more, by the meeting of the 
Ball D, which it carries along with it, it's Force now 

^^2 it 
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is fufficient only for one third Part of the Space which 
it would have defaibed, if nothing had ftood in it^s 
way. 

As to the flattening, it ought to be fo much the 
greater, the longer Time the Body ftruck refifts it's 
Removal : Since it is this Refiftance, as we have (aid 
before, which interrupts the Uniformity of the Ve* 
locity in th^ Parts of each Ball. But in the prefent 
Cafe the Ball D refills as much ags^in as a Ball of 2 
Ounces would do. Therefore there was Room for 
the finking of a greater Number of Parts. 



EXPERIMENT IIL 
Preparation^ 

In this Experiment we proceed as in the two 
others, except only that we give to the BaILD which 
is at Reft, 2 Ounces of Matter, and to the Ball F 4 
Ounces, which we make to move with 6 Degrees of 
Velocity. 

Ef pects. 

The two Bodies being united ifter the Shock, de- 
fcribe 4 Graduations, and the flattcnings arc not fo 
ftrong as in the two foregoing Cafes. 

ExPLANAriONS. 
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Explanations. 



What we have faid to explain the two foregoing 
Experiments, may fufficc 10 give an Account of this. 
We muft always confidcr the two Balls after the Per- 
cufllon as making but one Mafs. And we Ihould 
confidcr alfo, that 6 Degrees of Force, which can 
tranfport a Mafs of 4 Ounces a Space of 6 Gradua* 
tionsjcannottranfportoneof 6 ounces fo far. IfthcRc- 
fiftance 0(4 Ounces can confume the whole Force ia 
dcfcribingthisSpace,an Augn^entation to the Weight 
of one third, ought aifo to diminilh the Space by one 
third. And confequently, inftcad of 6 Graduations 
which the Ball F would have defer i bed alone, and 
without an Obftacle, being joined to the Ball 1>» 
which it has put into Motion, it can now defcribc 
but 4. 

But as the Ball D, which weighs but 2 Ounces, 
rcfifts Icfsthan when it weighs 4 or 3, it has afforded 
lefs Occafion to the finking of it*s Parts ; and oil the 
other hand it has lefs retarded the anterior Parts of 
the Ball F. For we may eafily conceive, that if all 
of a fudden, and in an indivifible Indant, it Ihould 
affumc the whole Velocity which is communicated to 
it, there could be no flattening on either Side, For 
it would fly away before the Ball Fat the very Inftani 
of Contaft, with a Velocity equal to that of the 
ftriking Body ; which would make it cfcapc from it*fi 
Aflion or Influence* 

0^3 A?PHCATiaM$, 
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Appj^ications, 

Since in the Pcrcuffion, wherein one of the two 
Podies is at Reft, the Velocity of the ftriking Body 
diminiflies in Proportion to the Mafi of the Body 
ftruck, we muft draw from thence this Conieqaencei 
that the Motion muft be infcnQble after the Shock, 
if the Body at Reft is infinitely greater than that 
which ftrikes it. And it is doubtlefs for this Reafon, 
that a Cannon Ball feems to have loft all it^ Motion^ 
when it is (hot againft a Rampart, or againft a ftrong 
Caftle. For the Velocity which remains to it after 
the Stroke, is to that which it communicates, as it's 
Mafs is to thar of the Obftacle it ftrikes ; that is, as 
an infinitely little Quantity, to one that is infinitely 
great. 

'Tis alfo in confcquence of this Principle, that it 
is often faid, the greateft Bulk is always removed 
(tho* infinitely little) by the Pcrcufllon of the fmalleft 
Body. But I cannot fee why we are obliged to admit 
this Propofition, as a neccffary Confcquence from the 
Law we have now eftablifhed, except we fuppofe the 
]pody ftruck to be pcrfcftly inflexible. Other wife let 
it he never fo great, it's RcCftance will be at a fuffi- 
cient Duration to confume all the fcnfible Velocity of 
the moving Body, by the Introccflion of the Parts, 
which will be occafioned by the Impqlfe. 

Thjs Experiments now alledgcd will alfo inform 
us, why all Bodies in general are broke, or fooner 
lofe their Figure, by (Iriking ^ainft Qbftades thai 
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are immoveable, than when they meet with fuch as 
may be moved. A Veflcl will fplit againft a Rock, 
but may be unhurt by hitting againft another Veffcl 
ac Reft. *Tis becaufe the Rock giving way but 
little or nothing to the Motion of the Veffcl, the 
Parts of this which begin the ConfliS have already 
loft all their Velocity, while the others have ftill all 
theirs. Therefore a Change of Figure is made ; the 
Pieces are ftrained and break, if the Shock is violent 
enough. Whereas if the Veffcl had met a floating 
Body which would comply with it's Impulfe, the 
Parts expofed to the Shock would not be entirely 
ftopt, and the others are retarded by little and little 
as well as themfclves. 

Workmen that labour at the Hammer, f^ that 
it makes a falfe Stroke, when the Matter they arc at 
work upon flips from them, whether ir be becaufe it 
is not fufficiently fupported, or becaufe the Tool is ill 
direftcd* And the Smith juftly complains if his An- 
vil is too light, or if it is fupported by a Block that is 
unfteady. For then the Iron that he is at work upon 
yielding with it's Point of Support, his Stroke has 
not it*s fuUJEffeft, as it would have had if his Anvil 
had been better fixt, and had kept the Side of the 
Iron which touches it at pcrfcdl Reft, while he ftrikes 
the other Side with his Hammer* 

The Play of Mall or Racket, has fo much Rela* 
tion to our firft Propofition, about the Percuffion of 
Bodies, and to the Experiments we have made Ufc of 
in proving it, diat it is almoft necdlcfs to make any 
Application of it here. If we attend to it ever fo 

Qj^ iittlo 
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llitde we (ball foon fee, upon what the Piopoitioni 
|s^ founded ^ fljould be obfcrvcd bctwctn ihc 

[Mais of thK>v.v^LC and the Ball, How otic, by 
' Means of a long Handle, receives (rotn the Player % 

very great Velocity i why, and in what Proportion, 

a Parr of this Velocity is communicated to the 

otber^ 6fr, " 




PROPOSITION IL 



i 



WHEN two Bodies moving the fame way with 
unequal Velocities ftrike one another, whe- 
ther their MafTes are equal or not, they will continue 
to move together in their firtl Dirtdion with a com- 
mon Velocity, svhich will be Icfs tl>an that of the 
ftriking Body, but greater than that of the Body 
flruck before the Pcrcuffion. 

As foori as wefuppofc that the two Bodies move 
the fame way, it follows ncceffarily, that which pre- 
cedes muft not move fo faft as that jwhich follows, 
othcrwife there can be no Coliifion. For if both 
ii^ovcd with liqual Velocities, it is ph»n they could 
not appro;ich to each other- When that which moves 
fwifteft overtakes the flower, it's Slownefs makes an 
Obilacle to the other. But this Obtutlc is in Mo- 
tion, aod q)u(l, divide ihe E3tcdkot riac Velocity of • 

the 
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the (triking Body in the Ratio of tt-s Mais 1 as hai 
b^en proved before* The following Ej^pcrimcnts wilj 
fliew, in what Ratio the Velocity is retarded in onc^ 
and accelerated in the other. 

EXPERIMENT 1 



Preparation. 



Pi t eacfi of the Balls D and F be 2 Ounces in 
Weight, and make them fall at the fame Time, onr 
in an Arch of 3 Graduations, and the other in an 
Arch of 6, being both taken oa the lame fidf. 




Effects. 



■ These two Balls will joyn in the Place where 
their Threads of Sufpenfion are perpendicular to the 
Horizon. A fmall flattening is made in each« after 
which they continue to move together on the fame 
Side, and afcend an Arch of 4 4 Graduations* 



EXFLANATIONS. 



I oiae, ai 

r 

■ The Ball F having 6 Degrees of proper Velocity 
againft 3, approaches to the Ball D with a relative Vc* 
locity of 3 Degrees, or the Excefs of 6 above 3. We 
Ihall tell elfewherc why it comes to pafs, that when 
be Motion is made in Archei of the fame Circle, 

ihrf 
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a^ UDCqial ones, fet the two Balb mSi Itnkt ex* 
aftly ia diat Fbce, which it the hnwdk of thdr 
Falls. 

As to the finkiogi of the Pteti whidi Modi in die 
Shock, tbqr ought to be proportional to the idatife 
Ydocity, which is left than the abiolote or proper 
Velodty of the ftriking Body in the prdcnt Cafe; 
wherein the Ball that is ftnick moving the fiune way, 
partly avoids the Force of the Stroke. 

Lastly, the twoBallsafcend together ban Arch 
of 4 i'GradyatioDS. That is to fay, that their com- 
mon Ydocity compared to that of the Ball F before 
the Shock, is found to be diminifhed by a fourth 
Fart. And this is what ought to be expeAed ; for 
the ftriking Body having 6 Degrees of Vdocity, and 
meeting another Body of a Mafs equal to it^ own, 
which has but 3 Degrees, ought to lofe fo much of it 
as is n^ceflary, that he may communicate to the other 
enough to enable it to move as fad as itfclf. But the 
Equality of their Maflcs requires, that it fliould give 
it I ), .which is the Half of 3, the Difference of the 
two Veloqitics before the Shock, Now i i taken 
from 6 and added to 3, makes 4^ in one, and as 
much in the other. 

• E 25^ P E R I M E N T II. 
Preparation. 

This Experiment is performtd as the firft, with 
this Diftttace, that the 4Ekill P weighs 4 Ounces^ 

• an4 
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and the Ball F 2 Ounces -, the Velocities remaining 
in the Ratio of 3 to 6. 



Effects. 



H After the Colli fion the two Balls continue to 
move together. The flattcnings are greater than in the 
foregoing Experiment J and the Arch theydefcribc 
is of 4 Graduations. 

Explanations. 

What we have faid to explain the firft Experi- 
rnent may be applied to this. We (hall only make 
I AJfc of the fame Reafoning, obferving the Propor* 
lions. The Excefs of the Velocity in the Ball F be- 
fore the Shock was 3, which mull be diminifced by 
two Thirds, by the Refiftancc of the Ball D, which 
lias a double Mafs. So that after the Shock there 
fhould be found 4 Degrees of Velocity, becaufe of 6 
which was in the ftr iking Body ; there are only 2 loft 
by the A^flion, which makes the Velocity the lame io 
both the Balls. 

The flattenings are greater than in the firft Expe- 
riment, becaufe the Refiftance of the Body ftruck was 
ftrongcr. This we iliall eafily admit, when we coi^- 
fider, thit the Ball D being 4 Ounces, confumed a 
third Part of the Velocity of the ftriking Body % 
whereas being only two Ounces in the foregoing Cafe, 
jt pply confumed a Quarter of it. 
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EXPERIMEKT HI. 

I^R eV AR A T 1 OK. 

LxT the Bail D have 2 Oinices of Mtfi, the Ball 
F 4 Ooncet, and let die Velocities be in the Ratio of 
6 to 3. 

E.IFKCTS4 

AfTZK jthe Ifl)pul& the Ball D is carryed away by 
the Ball F, .fo.tkt^ ihey defcribe together an Arch of 
5 Gmduacioos. . Aod the FJattemngi are leis than in 
t|)e two piecing Experiments. : 



Explanations. 

The Ball F dividing it's Excers of Velocity^ 
v^hich is 3, with a Mafs which is lefs by half than 
itfclf, retains two thirds of it. Therefore the two 
Mafles joined together after the Shock ought to have 
6 Degrees of Velocity, except i which is taken away 
by the Refinance olf the Body (truck/E^fore it afTumes 
the lame Velocity as the ftriking Body. 

Th e flattenings arc not fo great as in the preceding 
Cafes, becaufe the Refiftance was libt fb (Irong on 
the Part of the Body ftruck. For z Ounces of Bulk 
refift 4 Ounces, lefs than 4 refifts 2, or 2 refifts 2: 
The Velocities t)eing ftill in the fame Ratio. 

Api^ications. 
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k 



It is cafy to fee by the Experiments of the fccotid 
Propofition, that after the Shock of two Bodies, of 
which one moves faftcr than the other in the fame 
Dircftion, the proper Velocities, in order to become 
equal, in one Change from more to lefs, and in the 
other from lefs to more^ Since that of the Body D 
has always been encrcafcd, and, on the contrary, that 
of the Body F has always undergone fome Diminu- 
tion. 'Tis thus that a Boat which complies with rhe 
Impulfc of the Oars, receives an Incrcafc of Velocity^ 
and retards that of a Volume of agitated Air, in the 
Direflion of which it moves. It does not go io 
fwifc as the Wind, but it's Motion is always quicker 
than if it had moved only by the Strength of the 
Rowers* 

The fwiftcft Flight, the hardcft running, does 
not hinder but that the Bullet of the Sportfman fliall 
overtake the Game that flies before him. But at equal 
Diftanccs the Blow is not fo fure, as if the Animal 
fat ftill, or came the contrary way. And it is well 
known that a Hare^ a Buck, 6?^. fiiot in the Flank, 
is more cafily knocked downj than when he flics b6» 
fore the Stroke. One of the Reafons that may be 
given for it is, that then the relative Velocity of the 
Bullet is greater, bccaufe the Animal moves in a Di- 
redlion which withdraws It but little or not at all from 
the Sportfman, which is then as it were fixt. We 

have 
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have fcen by the Experiments of the firft Propofuion, 
that in fuch a Cafe the Shock is greater. 



ifwi. ^1 




PROPOSITION III. 

IF the two Bodies which are to implngp move di-1 
redly contrary ways, the Motion will be deftroyed 
in both, or at Icaft in one of them. If any remains 
after the Shock, the two Bodies will go the fame 
way, and theQuantityof their common Motion will 
be equal to the Ejfcefe of one above the other before 
the Shock* 

That is to fay, that in the Cafe wherein the two 
Motions are equal before the Shock, the two Bodies 
will be reduced to a State of Reft. And if one of 
them had more than the other before the Percuffion, 
there, would remain afterwards only the exceeding 
Quantity, which would be the common Motion of 
the two Bodies. The two following Experiments 
will prove this. 



4 



EXPERIMENT 
Preparation. 



I. 



The Ball D weighing 2 Ounces, and the BaU F as 
much, one is raifed in an Airh of 6 GraduatiQD5 0{k 

ane 



r 
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one Side, and the other in an equal Arch c 
contrary Side j and both arc let fall at the 
Time, 




■ Thi 



Effects. 




These two Bodies will meet each other m the 

, lowcft Place of their Fall, where they will remain at 

^ Reft/ And their Battenings are greater than in the 

Cafe* wherein the Ball F falls in an equal Arch a- 

gainft the Ball D at Reft, or if it flies before it* 



EXPLAKATIONS. 



^^"^ In this Experiment, the Quantity of Motion is f- 

" qyal on both Sides. For in each Ball before the 

Shock, we reckon 6 Degrees of Velocity drawn into 

I 2 Ounces of Mafs. Two Bodies that meet, moving 
contrary ways, give mutual Refiftance to each other. 
Here on each Side the Force or Power is kept in 
Equilibrio by an equal Refiftance, and this Equili- 

Ibrium produces a State of Reft in both the Bodies, 
The flattcnings arc greater than they were in the 
Experiments of the two firft Propofitions, in which 
we have always given 6 Degrees of Velocity to the 
ftriking Body. But it muft be confidered, that the 
relative Velocity, on which the Force of the Shock 
depends, is double or more than double. For when 
the Ball D was at Reft before the Shocks die relative 
Velocity of F was nothing clfc but it*s proper Velo- 
city, 
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city* thit is 6^ or Icfs. ihan 6, when the Ball D fled 
before it. Here the two Balls hating 6 Degrees of 
proper Velocity, in going one towards another, the 
relative Velocity is i2; that is to fay, the Space 
which leparates them before the Shock is dcfcribed in 
as little Time again » 



EXPERIMENT IL 
Preparation* 

The two Balls D and F are made to move one 
towards another, as in the foregoing Experiment*, 
and their Quantities of Motion are put in the Ratio 
of la to 24i by doubling the Mafs or the Velocity' 

DfF. 

Effects. 

After the Shock the two Balls continue to move 
in the Direftion of F, with z Degrees of Velocity, 
if the Motion was doubled by the Mafs i or with 3, 
if it was doubled by the Velocity. 

EXPL AN ATIONS« 

If the 24 Degrees of Motion of the Ball F proceed 
from 4 Ounces of Mafs, and 6 Degrees of Velocity > 1 
when it meets the Ball D coming againft it with 

12 Degrees 



^ 



^ 
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12 Degrees bf Motion, produced by 2 Ounces intti 
6 Degrees of Velocity v it oppofcs it's double Mafs 
and Half of it's Velocity to flop it, and that is fuf- 
fitient. For 3 of Velocity into 4 of Mafs, equals 
the whole Motion of the Ball D, which is 12, There 
remains then to the Ball F 3 Degrees of Velocity^ 
with which it continues to aft upon D, which wc 
inuft confider as at Reft immediately after the Con- 
taft. But it cannot move a Body at Reft, but by 
communicating fome Velocity to it at the Expenfe 
of it*s own I and wc have feen, that this Communi- 
cation is made in the Ratio of the MaflTes, As the 
Ball D has but 2 Ounces of Mafs againft 4* the Bill 
F will lofe only a third Part of the Velocity that re- 
mains to it. So that the common Velocity after the 
Shock, is 2 for two MaflTes, which taken together are 
equal to 6 Ounces. 

We fee then, firft that the Motion which remains 
dfter the Shock, is equal to the DifFerence of the two 
Quantities before the Shock \ for 1 2 is the Exccfs of 
24 above 1 2, Secondly, that this Dififcrence divided 
by the Sum of the MaBes, gives the common Veld- 
city after the Shock* For 1 2 oivided by 6, the Sum 
of 2 and 4 Ounces, gives 2 Degrees of Velocity, as 
the Experiment has reprefcnted it to be. 

We fiiould find the fame thing if wc had doubled 
tlic Motion of the fiall F, by doubling ii*s proper 
Velocity, For then, in order to ftop the Ball t), 
which we fuppofe to have 12 Degrees of Motion^ 
and equal in Mafs, it would lofe 6 Dt^grees of Velo- 
city. And to carry it with it, it muft ftill commum- 
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catc to it 3 of thofc 6 which remain to it. ^ After the 
Shock there will then remain 3 Degrees of Velocity 
in common to 4 Ounces of Mafs, the Sum of the 
two Balls. And confcquendy the Quantity of Mo- 
tion would be always 12, the Difference of 24 
and 12. 

Applicatioks. 

These laft Experiments fliew in general, why we 
muft ufe more Force to repel a Body that way which is 
contrary to it's Motion, than merely to flop it. For 
we muft not only make Ufe of a Force equivalent 
to it*s own, to overcome it's firft Motion, but we 
muft ftill add all that is neceflfary, to make it acquire 
a new Motion. 'Tis for this Reafon that we muft 
make a ftronger Effort, to make a Ball go backwards 
which is rolling upon a Plain, than to fiop it by opr 
pofing it's Progrefs. But we have feen at the fame 
Time, that the Effort of a moving Body which is 
going againft another, may be increafed both by it's 
Velocity and by it's Mafs. We therefore cannot be 
furprized to fee, that Players at Tennis fometimcs 
find their Racket too light ; becaufe, fuppofing the 
Stroke to be ftruck with the fame Velocity, it's Effcd 
will not be fo great, if the Mafs with which it is given 
is too light and feeble. 



Corollary. 
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Corollary. 



% 






It follows from the two firft Propbfitions^ and 
from the Experiments made Ufc of to prove them^ 
firft, that when the Motions are not mutually oppo- 
fite, the two Maffes united after a Shock, exhibit the 
fame Quantity of Motion which fubfiftcd in one of 
them, or in both before the Contadl. Let us take 
the firft Experiment of the firft Propofition for aa 
Example. 

Before the Shock the whole Motion rcfided in 
the Ball F, the Quantity of which was 12, the Pro- 
duft of 6 Degrees of Velocity by 2 Ounces of Mafs* 
After the Shock the Quantity of Motion in the two 
Balls united was ftiU 12, the Produftof4 Ounces of 
Mafs by 3 Degrees of Velocity in common. This 
Calculation may cafily be applied to the other Expe- 
riments, and we fhall always find the fame Con- 
clufion. 

From this firft Confequcnce there arifes another^ 
which is, that if we know the common Velocity 
after the Shock, we may know what is the Sum of 
the Maffes j and vice verfd^ the Sum of the Mafies 
will fhew the common Vclociry. For an Example, 
we will take the firft Experiment of the fecond Pro- 
pofition. 

Th e Sum of the Motions before the Shock was iS» 
that is 1 2 the Produfl of 2 Ounces by 6 Degrees of 
Velocity, and 6 the Produ6l of 2 Ounces by 3 Degrees 
R 2 of 
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of Velocity* According co the firft Confequencc, " 
ihe two Maffcs after the Shock ought to exhibit to- 
gcther a Quantity of Motion equal to 1 8. We know 
the whole Mais i« 4 Ounces. Divide 18 fhe Quaoiity 
of Motion, by 4 the Sum ortho Mafles, and ihc 
Quotient 4 i is the common Velocity. 

Again, we know the common Velocity is 41, 
and we (hall know the Sum of the Maffes is 4, by 
dividing 18 by4|. 

Lastly, we fee by the third Propofition, firft, 
that when the Bodies ft r ike one another by meeting 
direftly, a Part of the Motion is loft, Secondly,- 
that as in the other Cafes, we may judge by the com- 
mon Velocity after the Shock, and by the Ratio of 
the Mafles, what were the proper Velocities before 
the Shock. Or clfe what is the Ratio of the Mafles, 
by comparing the common Velocity with the proper 
Velocities, 




ARTICLE 
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ARTICLE IL 

Of the PERCUSSION of EUfiick BODIES. 

IN all the Experiments which have ferved as Proofs 
of the PropoEtions conceming the Shock of non- 
claftick Bodies, we have always obferved two principal 
Effcdls, that is, a Communication of Motion from 
the ftrikingBody to the Body ftruck, and a Change 
of Figure or a flattening of each at the PJace of Con- 
taft, Thefe two Effcfts have one common Caufc, 
which is the Percuffion, 'Tis by this Aftion that 
the Velocity is tranfmitted, and is diflributcd uni- 
formly between the two MaflTcs. But during the 
Time this Diftribution is making between the two 
Bodies, their Figures are changed, and the flattening ' 
that proceeds from thence, depends particularly on the 
longer or fliorrerRcfiftancc of the Body that is ftruck, 
*Tis for this Reafon, that tho* the relative Velocity 
Ihould be always the fame, the Quantity of the flat- 
tenings would always vary, according to the Ratio of 
the Mafles which ftrike one another \ as may be ob- 
fcrvcd from the foregoing Experiments. 
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In the Shock of elaftick Bodies, Nature is uniform, 
and always follows the Laws (he has prefcribed her- 
fclf, which we have (een in the Percuffion of Bodies 
that are non-elaftick. But as the Parts funk in by the 
Stroke, reflore thcmfclves with the fame Velocity 
with which they were difplaced ; this laft EflFed, 
which is blended with that of the Motion commu«> 
nicated by the Shock, introduces a great Change in 
the Refults. 

We muft therefore carefully diftinguifli two Sorts 
of Motion, in the Pcrcuffion of claftick Bodies. One, 
which is independent of Elafticity, and which wc 
will call primitive Motiou. The other arifcs from the 
^eaftion of the Bodies, which are flattened or com- 
preflcd by the Shock, which we will call Motion cf 
Elajiicityy refie^ed Motion^ or Ciai^y ReaiJhu. 



b|^^ttsSfe4*^ 



PROPOSITION I. 

WH E N an elaftick Body ftrikq another ela- 
ftick Body which is at Reft, or which moves 
the fame way with it, this, after the Shock, moves in 
the Dircdion of the ftriking Body, and with a Ve- 
locity compounded of that which was given it im- 
mediately, or by Communication; and of that which 
it acquires by it's Readion after the Shock. And 
thp ftriking Body, the Spring of which afts the con- 
trary way, lofcs cither wholly or in part what it had 

''''"' kept 
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kept of it's firft Velocity. And if ii's reflefted 
Motion exceeds the Remainder of it's firft Ve- 
locity, it goes back according to the Qudnticy of 
this Excefs, 

These general Expreffions will be better under- 
flood, if we apply them to particular Cafes. Let us 
fuppofe then the Maffcs to be equal. In confequence 
of this firft Suppofition, I fay» that, after the Shock, 
that Body which was at Reft will receive, as well by 
Communication as by it*s ReaAion, a Quantity of 
Motion, equal to that which the other Body had be- 
fore the Percuflion i and this will be reduced to Reft 
by it's Spring, which will dcftroy the Remainder of 
it's primitive Velocity. 

If we fuppofe the Maffes to be unequal, and that 
the Body ft ruck is the leaft •, after the Shock both will 
go in the Direction of the ftriking Body, but this 
will have lefs Velocity than the other. 

Lastly, if the Body ftruck has more Mafs than 
the other, it will go alone in the Direftion of the 
ftriking Body, and this will return backwards. 

Let us make thefe three SuppoCtlons real, by fo 
many Experiments, which will ferve as Proofs of our 
firft Propofition, and of the Confequcnces which we 
fliall draw from thence. We (hall make ufc of very 
round Balls of Ivory, which we fliall fufpend by 
Threads, as we did thofc of foft Earth, and by help 
of the fame Machine. 
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The Ball D^tRp(lwcighs,siQpcip|p. The Ball 
F is equal to it». and defcencb al^ng ap Arch of. 6 
Graduations. 

Effects. 

After the Shock, the Ball F remains at Reft at 
the Place of Contaft, and the Ball D defcribes an 
Arch of 6 Graduations on the oppofite Side. This 
(hews, tKat the Body ftruck received a Velocity equal 
to that of the ftril^ing Body. 

Explanations. 

Th z Ball F meeting the Ball D at Reft, will com- 
pnunicate.to It half it's Vclocity,'*becaufe of the Equa- 
lity of their Maflcs ; and for the fame Reafoh it 
keeps 3,' t6 continue it's Mption in the lame Direc- 
tion. Such would be the whole Effeft of this Per- 
cuflion, if the Balls, had no Elafticity, as we have feen 
by the firft Experiment of the firft Article. But be- 
caufe of the Elafticity, the Ball D being fquee?cd to 
it's flattening, reftor^ itfcif, being fjjpportcd againft 
fh« i^l F^ 5^idx is the Caufc ;bat Uiis Readtion 
carries it forward, ^ij^thc (azne Vclpcity it had been 

compreQe^ 
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compreffed. Bat this Velocity, is half that which 
made the two Balls meet, that is to fay 3 Degrees. 
So that after the Shock, the Ball D will move with 6 
Degrees of Velocity, that is 3 which it has received 
by Communication, and 3 which proceed from it*f 

IReaftion. 
The Ball F has kept 3 Degrees of it's primitive 
Velocity i but it^s Reaftion, which is equal, is made 
the contrary way, and makes it reft. 



EXPERIMENT 11. 



Preparation. 



The Ball D being 2 Ounces, and the Ball P4. 
Ounces, to this are given 6 Degrees of Velocity, the 
other being at Reft. 



ft* 



Effects. 




After the Shock, the Ball D defcribes 8 Gradu- 
ations, in the Direftion of the Ball F, and this con- 
tinues to move on the fame fide, and defcribes z Gra- 



duation$. 



ExPLANATiq^S* 



We rauft firft confider the Motion communicated 
in the Ratio of the Maffes, independently of the Ela- 
fttcity, and afterwards fee what the Readtion adds to 
f^is firft EffeA, pr what it takes fram it. 
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If th^ Balls were not eUftick, F of 4 Ounces 
n\eeung P of 2 Ounces at Reft^ would lofe only z 
Degrec^s pf Verity qf the 6 which it has, and the 
two MiMTes VQul^ p^ on the fame way with a con)- 
n>Qn |4^iciOt th^ V^ocity of which would be 4, as 
we have fcen above» Prop. I. Exper. II. But after 
the Shock* tbi^rc is ^ reciprocal Region between the 
two Balis, beC4ufe of their Elafticity ; and this Re- 
aftion is equal to 4 Degrees of Velocity communi- 
cated, which have caufed the Compreflion, We muft 
therefore confidcr this Reaftion as a Force, which ex- 
erts itlclf betwMn the two Balls, to repel them from 
each other. It concurs with the Motion communi- 
cated to the Ball D, and increafes it by half. On the 
contrary it tends to deftroy that which remains to the 
B»l) F. But we muft take notice, that this laft Mafs 
is of 4 Ounces, double to the other, and that the 
Rcadlion which can make 2 Ounces advance 4 Spaces, 
to a Weight that is double, can only make it go back 
2 Spaces. Thus the Ball F, notwithftanding it*s Re- 
aftion, advances dill 2 Graduations after the Shock, 
by virtue of it's primitive Motion. 



EXPERIMENT JII. 

Preparation. 

The Ball F of 2 Ounces, with 6 Degrees of Ve- 
locity, ftrikes the Ball P at Reft, which weighs 4 
Punces. 

Effects 
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Effects. 

After the Shock the Ball D dcfcrib^s 4 Gradu- 
ations, in the Direftion of the Ball F, and this re- 
turns back tht Space of z Gmduacioos« 

Explanations. 

The Refiftancc of the Ball D, againfl: the Ball F, 
has reduced the primitive Velocity from 6 to 1, by 
virtue of it's double Mafs. But the 2 Degrees of Vc* 
locity, which it has received by Communication, have 
been the Occafion of a Reaftion of the fame Quantity, 
which caufes it to dcfcribc 4 Graduations forward. 
The fame Reaflion afting upon F, which weighs only 
2 Ounces, ought to have produced a double Effift ; 
that is to fay, that in virtue of it's Elafticity, it fliould 
dcfcribe 4 Graduations backwards •, but it has kept % 
Degrees of it's firft Velocity. This Effcft therefore 
is reduced to one half, fo that it defcrihcs no more 
than 2. 

Applications. 



We may obferve by the Refult of the three Expe- 
riments, now produced as a Proof of our firft Pro- 
pofition, that the Motion of Reaft ion, always doubles 
that which the Body ftruck acquires by Communica- 
tion, For when the BaJI D, by virtue of the pri- 
mitive y^QUQn of F, ought ooly to \mt had t^ 3^ 
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or 4 Degrees of VeIocity» w« h£^?e fcen that it had 

' 'We flipuld Carther ohferve, that this fame Re- 
aftlbn, which doubles the Motion of the Body ftruck 
to ga forward, endeavours with as tnuch Force to re- 
pel the ftrikingBody backwards. But this laft Effeft 
dimini/hes as the Mafs increafes. For Example, 
when, by Virtue of this Force, the Ball D of 2 
Ounces, received 4 Degrees of Velocity forwards, 

the Ball 
wards. 



F of 4 OijncL"5, received only 2 back- 



< These two Obfcrvations may make us compre- 
hend the Rcafon of fcveral EfFefls,' which we have 
every Day before our Eyes, and which it would be 
difficult to explain without the help of thefc Prin- 
ciples, 

All Artificers that work in their Chambers upon 
Anvils, or Heaps of Iron, as Planiftiers, Goldfmithst 
Watchmakers, 6?r, never fail to deaden their Blows 
by a Roll of Matting, or fomething of a like nature, 
upon which they place the Block that bears the In- 
ftrument. Without this Precaution, a great Part of 
the Force imprefTcd by the Hammer, would be tranf- 
mittedto the Floor, and would create (hakings to 
the prejudice of the Building. 

^Ttt for like Reafons, that they conftru£l the 
Ramparts of fortifyed Places of Brickwork, For if 
they build them of Free^ftone, or other hard Mate- 
rials, when Cannon-Biills come to ftrike againft thefc] 
claftick Bodies, they would tranfmit their Motion toj 



. |reater Pepjh, and would paufc more pamage* 
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The Effcfts which refult from the reciprocal Rc- 
aftion of two claftick Bodies, which arc fqueczcd by 
Pcicuffion* would be the fame if thefe two Bodies^ 
abftrafling from their Eiafticity, had preJTcd between 
them a third Matter capable of rtftoring itfclf. As 
if for Example, a Ring of Steel, Fig. 18. was ftruck 
at the fame time on each Side^ by two Balls A and 
B, fufpended by Threads. This Ring comprencd 
by the double Shock, as it reftored itfelf would repel 
the two Bodies which had ftruck it, atDiftances pro- 
portional to their Mafles, That is to iay, equally far 
if they were equal, or that of the ^wo the farther, 
which is not fo heavy as the other. 

We are to expeft the fame thing from a Body, 
the Spring of which being bent before-hand, unbends 
itfelf between two moveable Bodies, As if the Steel 
Ring wc fpokc of was comprcffed by a diametrical 
Thread, and was permitted to unbend againft the two 
Bodies A and B. They would be both impelled con- 
trary ways, and at Diftances which would be in a re* 
ciprocal Ratio of their Weights. 

These Effcfts, which are Confequences from our 
firft Propofition, will fcrve to explain the recoiling of 
Guns, Fufees, and all Fire-arms. For we ought to 
look upon the Powder, which is fired between the 
Breech and the Ball, as a Spring which unbends both 
ways. It's Aftion in the two moving Bodies pro- 
duces a Velocity, which is fo much the greater in one 
of the two, as it's Mafs is relatively lefe than the 
other. So that as the Cannon, the Mu(ket, Csf^. 

(cfpccially confidering th^ Obftaclcs which rctaia 

them) 
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ibiasi) are modi more difficult to morr^ than the 
Bali or Bailee with which they arc charged ; we may 
cafilj omcei^, why the hctcr Body receives firom 
die mflaiDcd Powder a vaftly grchter Vdocity. 

Amothbe Reafon farther cootribmes to augment 
the Velocity of the Ball. 'Tts a certam Length given ^ 
to the Caaoon^ which affords time to the Powder to 
lights and to exert ii^s vdK>le Adioo. If it is too 
ihoct, the Bullet will be goee out faefOTe the Kxpio- 
fioQ is emirely finilhed. This is ORet>f the Reafons 
nrhj Piftols Be¥tt cany fi> &r as Gtins : And their 
Barrels are o§ad« longer, when they are intended to 
ihoot at a good IXftance. But even this Length has 
it's LiAiils. And when thefe are exceeded, fnftead of 
giving a greater Vdodty to die Ball, on the contrary 
they lofe Part erf* it by a ncediefs Friftion, which 
wotdd be prevented if the Barrel had a due Propor- 
tion, 

As to the Recoil we may fay in general, that fup- 
fX)fing the Quantity and the Quality of the Powder 
to be alike, a Gun recoils fo much the mere, as the 
Charge of the Bullet makes the more Refiftance, ei- 
ther by it's Weight, or by the Wadding that keeps 
it in. 

A Rocket flies up, becaufe it*s lower Part, which 
is fired, performs the Office of a Spring, which a6b 
one way againft the Body of the Rocket, and the other 
Way againft a Volume of Air, which does net yield 
fo faft as it. is impelled. And as thisS^itig is con- 
tinually j-enewed by the fucceffiVelnflaMm^ion of all 
the Parts of the Rocket^ it accekratea if s Morion 

for 



I 
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for two Reafons, Firft, becaufe it is contained in the 
Body iifclf, and therefore adds continually to ii*s 
Velocity, Andj fccondly, becaufe the Weight or 
Rcfiftancc of this Body Is diminifhing every Inftant, 
by the Diflipation of the Parts as they burn away. 

It may beaflced here, why upon a Billiard -Table^ 
when a Ball is ftruck againft another at Reft, the 
fame thing does not happen as in the firft Experi- 
ment, which feems to be juft the fame Cafe ? Whtn 
the Balls are equal, why does that which ftrikes con- 
tinue almoft always to move? Ought it not to reft 
without Motion after the Shocki as it happens to the 
Ball F, when it meets with D at Reft ? 

Though thefe two Cafes feem ro be like, yet 
they differ in this, that the Ball F in our firft Experi- 
ment, has only one fimplc and direft Motion, where- 
as the Ball we would compare with it has two Mo- 
tions. For not only it's Centre moves in a Right- 
Line, but at the fame time it rolls upon the Plain, 
and all the Parts of it*s Surface, defcribe parallel 
Circles about it's Axis, When it ftrikes a Ball ac 
Reft, the direft Motion of it*s whole Mafs is ft opt, 
for the Reafons we have allcdged. But that of it^s 
Parts revolving about the common Axis fubfifts. So 
that at the Inftant of the Shock, if the Plain were to 
vanifli, and it was fupported by it's Poles, we ftiould 
fee it turn round without going forwards or back- 
wards. But if this Motion of Rotation is made upon 
a Plain, it muft neceflarily carry the Ball forward j 
which is a thing eafily conceived. 

PRO- 




i 
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J»kopositidN ir. 

tF two elkiiick Bodies, whether equal or unequal 
inMils, ftrike one another with proper Velocities^ 
which are either equal or unequal ; they will feparate 
after the Shock, and their relative Velocity will be 
the lame as before the Shock. 

If thefe two Bodies werr non-elaftick^ either they 
would reciprocally ftop one another, or one of the two 
would carry away the other, as we have feen by the 
Experiments of the firft Article. If they feparate. 
Vis only in virtue of their Reaftion. But we have 
alfo feen, that this Readion is equal to the Com« 
predion, which is as the relative Velocity before the 
Shock. Therefore that which refults from it after 
the Shock muft be equal to it ; and this is whit 
is confirmed by the Experiment. 

EXPERIMENT I. 
Pre pa rat I on« 

The Ball D weighing 2 Ounces, and the Ball F 
the fame ; they are made to fall againft one another 
along Arches of 6 Graduations each. This is the, 

Cafe 
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Cafe wherein the Maflcs and the proper Velocities arc 

equal. •■ ^, -3^^' ■ ■ '..t-"' ■'■ - . ^ 

'^'■" E F WE CtS. ^ ■ '" " ' ' ■* ■ ■ 

Aftir the Shock the two Bajls fcparate, and 
each on it's own Side afcends an Arch of 6 Gradua* 
tions. Thus the proper Velocities are of 6 De- 
grees, and the relative Velocity of x2, as before 
f he Shock. 

EXPLANAT lOKS. 

Th^ two Balls, by (Ubcking one another with 
equal Forces, will lofe all their primitive Motion ; 
but a Rea&ion equal to the Force with which they 
were comprefled, or (which is the fame thing) equal 
to their relative Velocity, has put them in a Capacity 
of re-afcending the fix Graduations which they had 
defcrlbed by their Fall 



EXPERIMENT II. 

Pr £ P AR A T Ift.N. 

Lit there be given to the Ball D 4 Ounces of 
M^fs, and to the Ball F 2 Ounces, and let them fall 
one againft another, the firft along an Arch of 4 Gra- 
duations, and the fecond along an Arch of 8. This 
i|s a Cafe wherein there is an Equality of Mafies, and 

S of 
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of proper Velocities, tho* the relative Velocity is 
ftill 12. .', 

Effects. 

AFTi» the two Balls have Itrtifk, they return to 
the Place from whdiee they ptTtM before the Shock; 
ivhiph ihews,' that the relative VelcicSty is the fameti 
before the Shock; • ' ' " 

E X P L A M A T I D li S. 

If the two BalTs D and F of this Esfperiment I^ 
no ]£lafticity, they Irould mutually <lop each other, 
bccaufe their Fdrcci are equal. For 4 Ounces of 
Mafs, drawn intiq 4 Degrees pFVeldcity, ^!vc 16 fcir 
the Quantity tef Mc*ion ; whiebis^ equal to 8 De- 
grces of Velocity driwn into 2 OuMes of Mafi. 
l^ut thefe two Balls are elaftick, and their Compref- 
fion is the EfFcfl of a rchtive Veteelty of 12 Degrees. 
ThcRcaftion is therefore a like Vclocky applyed on 
one Part to a Ball of 2 Ounces, arld^on the other tot 
Ball of 4 Ounces. But the Force which can tranfport 
2 Ounces to 8 Graduations, can make a Mafs of 4 
Ounces defcribe only 4 Graduations, in the fame 
Time. Therefore- after the Shixk, the two Balls 
ought to return tty the Places they ^rted from, 9s the 
Experiment ihews (hey dq. 
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Applications. 



IVh AT we have taught concerning the Pcrcy/fion 
of two claftick Bodies^ obtaini allb whep thcro is a 
great Number of them contiguous to xint another. 
And thefc Effedls are e^^cutcd with an Exiflnefs to 
be admired. If for Example, we liifpend 7 or 8 
Ivory Balls, fo as to have their Centres all in the 
fame Right LinCt as is repreientcd in Fig. 19, and if 
we make the fir ft to fall in an Arch of a Circle 
againft the feoondj the eighth will feparate from 
the others with a Velocity equal to that, which the 
fccond would have had after the Shock, if nothing 
had. hindered i^*& Motion. And if wc make two 
together to fall agaijjft the third, the two laft will 
feparatc from the others, which will all continue at 
Reft- 

In like manner alfo, if we make the eigfith to fall 
againft the feventb on one Side, and the firft againft 
the fccond on the other j thefc two ftriking Balls 
will afcenc} after the Shock, by the fame Arches that 
they will dcfcribc in defcending, as if ihfiir JPgrciiffion 
bad been immediate. ,::.!,., 

To explain thefe Effefts it muft be remembered^ 
as we have obferved above, that an elaftick Ball, in 
the Inftant of ftriking, affames an Oval Figure, by 
which not only the Part ftruck is brought nearer the 
Centre, but alfo that which is diametrically oppo- 
fitc to it. Thefc two Parts rcftorc themfclves im- 



Sz 



mediately^ 
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mediately, and with Velocities equal to that with 
which their Comprcflion was made. Wc may con- 
ceive then, that the fecond Ball being ft ruck by the 
firft, immediately feparates itfelf a litde from the 
third ; and as well by Communication as by Re-^ 
action, having aflfumed a Velocity equal to that of 
the Body which ftruck it, as we have explained in 
the firft Experiment of the firft Propofition ; it does 
to the following Ball what the firft did to it. The 
lame thing is done by the third and the fourth^ and 
fo on to the laft, which being with-held by nothing, 
complies with the Impulfion it has received, and 
defcribes an Arch which expreflfes a Velocity, equal 
to that of the ifirft ftriking Body. 

These Examples of Motions communccated by 
contiguous elaftick Bodies, will be of good Ufe to 
us hereafter, in confirming fome Opinions (other- 
wife very probable) concerning certain Phsenomena, 
in the Ejcplication of which, the Philofophers are 
not yet agreed. We (hall content ourfclves at pre- 
fent to fettle thefe Experimental Principles, which 
we fhail afterwards make ufe of and appeal to, as- 
the order of our feveral Subjefts may require. 

Corollary. 

It may be obferved from the Experiments wc 

'have produced, that when the elaftick Bodies ftrike 

one another fn fuch manner, that they continue to 

move in the fame Direftion, or that one of the two 

remains 
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I 
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remains at Reft after the Shock ; that then the Suns 
of the Motions is the fame after as before the Per- 
cuITion. For immediately before the Shock in the 
firft Experiment, all the Motion refided in the Ball 
F, the Quantity of which is X2, that is 6 Degrees 
of Velocity drawn into 2 Ounces of Mafs, And 
after the Shock a like Quantity is found again in the 
Ball D moving alone. 

But if one of the two returns backwards, the 
* Quantity of Motion is found to be greater after the 
Shock than before, as appears by the Refu It of the 
third Experiment. For before the Ball F meets the 
Ball D at Reft, it's Quantity of Motion is 12, that 
is 6 Degrees of Velocity drawn into 2 Ounces of 
Matter. And after the Pcrcufllon the Sum of the 
Motions is 20 v that is 16 in the Ball D, the Pro- 
dud of 4 Ounces by 4 Degrees of Velocity, and 4 in 
the Ball F, the Produft of 2 Ounces by 4 Degrees of 
Velocity, 

Not only the Sum of the Motions is greater after 
ttie Shock, but that of the Body ft ruck even exceeds 
that of the ftr iking Body before the Contaft. For 
in the Bali F before the Shock the Motion was 12, 
and after the PcrcuIBon it is 16 in the Ball D, as we 
have now obferved. 

This Excefs or this Difference of Motion in the 
Body ftruck, is cxadly equal to the Quantity of that 
which is retrograde after the Shock. This is what 
we ftiall foon perceive, if we coofider that the Quan- 
tity of Motion in the Ball F, which returns back- 
wards is 4, the Difference between 16 and 12. 

Thus 
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Thus thcMaffcs being known, if wc know alfo 
the Velocity of that which goes backwards after tile 
Shock, we may know the Quantity of Motion of 
the other, and what was the ^lua )^, the piimicive 
Motion. '^ ^' ; 

We muft not quit this Subjed without uking 
notice, that we are not to eftimate the Impulfe of 
tluids, by the Rules we have fettled concerning the 
Percuffion of folid Bodies. For thefe having their 
t^arts connected together, a£t with their whole Mais; 
but it is not fo with the Aftion of the others, hccatafe 
of the relative ^lobility of their Parts. None of them 
make any Effort but fuch as are immediately and 
diiedly expofed to the Shock, The reft do not lofe 
their Velocity, and confcquendy con tribute nothing 
to the Effort. Wherefore Water and Wind, do not 
communicate at once their adlual Velocity to a moving 
Body 5 *tis only after a certain 'time, that it receives 
the whoJe Motion that can be tranfmitterf to it. Wc 
may eafily be convinced of this, if we obfcrve the 
Sails of a Wind-mill, or the Wheel of a Water-mill, 
when they arc firft put into Motion. 
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